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Background: The challenges of demographic and epidemiological transition around the world 
have created the need for ageing-friendly cities. Urban green spaces (UGS) are considered to 
be an important health and wellbeing resource, the role of which can be expanded to include 
the promotion of social and active ageing. There is accumulating evidence on the positive 
association between the quantity and quality of UGS and reduced risk of different types of non-
communicable and chronic diseases (NCDs) often associated with ageing. UGS is found to be 
associated with reduced risk of NCDs through multiple pathways including engaging in 
physical activities (PA) and increased social interaction. There is also evidence, as yet 
inconsistent, on the moderating effect of socioeconomic circumstances on these associations. 
A problem in the available evidence is that more than 90% of the evidence is geographically 
skewed to high-income and western countries (HICs). In addition, very few studies so far 
conducted have particularly focused on the role of UGS on the outdoor recreation activities of 
the ageing population. Therefore, this PhD study explores the extent to which inequitable 
distribution and quality of neighbourhood green spaces are associated with the level of outdoor 
recreational activities in multiple and geodemographically diverse cities.  
 
Methods: The research design is principally based on five interrelated research questions 
which start with a systematic scoping review on the current evidence from the low and middle-
income countries on the UGS and health research. To answer the subsequent research 
questions, both primary and secondary observational data collection was undertaken in a high-
income, ‘Western’ city (Sydney, Australia), a high-income Asian city (Singapore) and a low 
and the middle-income city (Dhaka, Bangladesh). The study used a geographic information 
system (GIS) based UGS data and observation auditing tool to measure UGS quantity and 
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quality respectively. The quantity of UGS was measured by calculating fixed boundary-based 
UGS availability and flexible boundary-based UGS accessibility. UGS quality data were 
collected by using an adapted version of the CPAT (Community Park Auditing Tool). The 
author also collected data on different types of use of UGS by people using a systematic 
observation tool adapted from SOPARC (System for Observing Play and Recreation in 
Communities). The socioeconomic circumstances together with the share of the ageing 
population (defined as aged 60 and above in Sydney and Singapore and as aged 50 and above 
in Dhaka) measured at the neighbourhood scale were used as potential moderators to analyse 
the inequity of UGS quantity and quality. Depending on the nature of outcome variables, 
multiple regression and Poisson regression modelling techniques were used at different stages 
of the research.  
 
Results: The 22 studies were found from 11 LMICs through the systematic scoping review 
following PRISMA guidelines. Compared to the existing evidence-based in HICs, this review 
found fewer types and numbers of health aspects to relate to UGS exposures. While 
heterogeneous results were previously reported in the HIC based studies, the association was 
consistently positive with mental health, wellbeing and self-reported health aspects in the 
LMIC contexts except in one study. The similarity was found with HIC in regards to the 
reported association between UGS and physical health.  
 
To understand whether UGS is evenly distributed across the case cities, the investigation of 
UGS quantity (measured by availability and accessibility) in this research found an inconsistent 
pattern of the socioeconomic inequity in the three case cities. Socioeconomic circumstances 
were found to have a strong positive association with the UGS availability in Sydney (β = 
0.625, p<0.05), whereas the association was significantly negative in Dhaka (β =-1.44 and β =-
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1.18, p<0.05). In Singapore, this association was positive but statistically not significant. The 
percentage of the ageing population within a neighbourhood appeared to be independently 
associated with higher amount of UGS in Sydney (β = 0.48, p<0.05) and lower amount in 
Singapore (β =-0.03, p<0.05).  In these cities, the proportion of the ageing population is already 
higher than Dhaka. Accessibility measures were not associated with the socioeconomic 
circumstances except in Dhaka, where a strong negative association between socioeconomic 
circumstances and accessibility index was observed (β =-1.24, p<0.005). The percentage of the 
ageing population showed a significant non-linear association with PWD only in Singapore. 
The population density was found to be an important predictor of UGS distribution in all the 
three cities. The population density was negatively associated with the UGS availability (β =-
0.74, p<0.05) and accessibility (β =-0.49, p<0.05) in the medium density neighbourhoods of 
Sydney. While high accessibility was positively associated with high density in Singapore (β 
=1.42, p<0.05), it was negatively associated (β =-0.69, p<0.05) in Dhaka.  
 
After scoring the UGS quality within a standard scale and classifying the quality of sample 
UGS into the high, moderate and poor categories, most of the high-quality UGSs were found 
in Singapore compared to Sydney and Dhaka. On the other hand, there was no high-quality 
UGS in Dhaka. The UGS quality score in Singapore was significantly higher (β=25.06, p<0.01) 
and significantly lower in Dhaka (β=-17.32, p<0.01) compared to Sydney. When the individual 
quality domain was modelled, the UGS in Singapore had statistically significant higher scores 
in the accessibility (β =5.63, p<0.01), safety (β =7.03, p<0.01), and landscape quality (β =6.82, 
p<0.01) domain than Sydney. On the other hand, activity space score in Dhaka (β =-5.73,  
p<0.01) is significantly lower than in Sydney. Availability of ageing friendly features such as 
bike routes, fitness stations, useable benches, picnic facilities, trail and absence of 
incompatibility issues (e.g. poor maintenance) were significantly higher (p<0.05) in Singapore 
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than two other cities. Based on our sample data, socioeconomic inequity of the UGS quality 
inconsistently found a tendency of having higher quality UGS in the advantaged communities 
within all the three cities. Especially, inequities within the cities were found more in the 
amenities and landscape quality domains.  There is no direct or moderating effect of 
neighbourhood ageing profile found on the UGS quality. The largeness of the UGS was found 
to be an important predictor of UGS quality except in Singapore, where the size of the UGS 
did not confound the quality score.  
 
Further investigations suggest that the ageing relevant total quality of the UGS was associated 
with sedentary (β=0.02, p<0.005) and walking activities (β=0.034, p<0.005) after adjusting the 
differences of cities. Sedentary and walking types of activities were significantly associated 
with only safety scores when individual quality domains were considered. On the other hand, 
vigorous activities of the ageing population had a statistically significant association with 
ageing relevant accessibility score, safety score and landscape quality score in the unadjusted 
models. The analysis ‘within city’ suggested that the ageing population in advantaged 
neighbourhoods with a higher percentage of the ageing population tend to participate more in 
different activities in Sydney and Dhaka, but not in Singapore. 
 
Discussions: The inequity in the UGS quantity and quality was resulted from differences in 
urban planning processes as well as how the UGS measures in each city were computed. These 
findings suggest that neighbourhood UGS quality is associated with different level of 
recreation activities, though not in a similar way everywhere nor every aspect of the quality is 
equally important. However, some of the results were counterintuitive. For example, the 
negative association between activity space score and vigorous activities and vigorous 
activities in Singapore; and the negative association between safety score and level of vigorous 
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activities in Dhaka. Also, the socioeconomic inequity, as found in the UGS quantity and quality 
is not universal and these differences in part driven by the differences in the urban planning 
and public health promotion realm. The study findings also suggest that there is room for 
improving UGS quality, revitalising existing UGS for the promotion of social and active 
ageing. Especially, the evidence from Singapore suggests that strong commitment and careful 
urban planning can reduce inequality of health-promoting resources like parks and open spaces 
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CHAPTER ONE: BACKGROUND 
1.1 SOCIAL AND ACTIVE AGEING – WHY IS IT DESIRABLE? 
 
As life expectancy increases globally, greater emphasis has been placed on the importance of 
social and active ageing as a means to achieve the sustainable development goals (SDGs) of 
the United Nations’ 2030 Agenda for Sustainable Development (Kudo et al., 2015; United 
Nations, 2019; World Health Organization, 2017). Nine of the seventeen (17) SDGs are aligned 
with a healthy future for the ageing population. The ‘ageing population’ has been said to refer 
to the relative increase in the population of those who have already entered middle age and 
includes those in their 60s, i.e. older working-age adults, as well as the elderly or aged 
population (Maresova et al., 2015; World Health Organization, 2007). This ongoing shift has 
become more evident over time. The proportion of the population aged 60 and over will be 
above 30% in both high-income countries (HICs) as well as several of the low and middle-
income countries (LMICs) by 2050 (United Nations, 2013; World Health Organization, 2015). 
The global map and the population pyramid in figure 1.1 demonstrate the conspicuous 
demographic transition that is occurring across the globe as a result of a combination of falling 
birthrates and longer lives (HelpAge International, 2015; United Nations, 2013).   
 
   
 
Figure 1.1 (Top) 
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Figure 1. 1: (top) Countrywise projection of the share of senior people (60+ aged) (source: HelpAge 
International, 2015) and (bottom) age pyramid showing the changing demographic structure around the 









Figure 1.1 (Bottom) 
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Population ageing is often framed in negative terms by raising concerns about health services 
and welfare provision, as well as potential impacts on economic growth (Lloyd-Sherlock et al., 
2012). This can have unintended consequences, such as the stigmatisation of ageing, social 
exclusion and isolation of seniors (Menec, 2016; Pate, 2014; Singh, 2015; Van Regenmortel et 
al., 2016). In contrast, if assessed positively, the longer lives of the population bring greater 
opportunity for society through numerous contributions by older persons to socioeconomic 
development (World Health Organization, 2007; 2017). Older persons support the family as 
well as the whole community, by providing (often unpaid) childcare, or by being mentors and 
volunteers. Nevertheless, evidence suggests that maintaining good health throughout the 
ageing process is a precondition to harnessing the opportunities of population ageing (World 
Health Organization, 2017). Therefore, increasing active and socially inclusive longevity 
should be viewed as a major opportunity to keep people healthy and prevent disability for as 
long as possible. Accordingly, social and active ageing embodies the concept of healthy or 
better ageing.  
 
The promotion of social and active ageing needs appropriate strategies to deter the loss of 
functionality of the ageing population as shown in Figure 1.2 (below). The challenge of 
formulating strategies is not vested in the health sector but in multiple sectors, including urban 
planning (Jackson et al., 2013; O'Brien, 2014; Van Hoof et al., 2018). In particular, a supportive 
environment could help the ageing population in multiple ways when their functional decline 
is persistent (World Health Organization, 2017). Hence, enabling opportunities for healthier, 
more active and social ageing ought to be a key cross-sector agenda in order to avoid many of 














Figure 1. 2: Functional capacity of the population over the life course; adapted from Kalache and 
Kickbusch (1997) 
 
1.2 IMPORTANCE OF BUILT ENVIRONMENT ON SOCIAL AND ACTIVE 
AGEING 
 
In general, the built environment is understood to be the urban environment where we live and 
engage in various activities. The World Health Organization (2007) nominated seven key areas 
of concern that relate to the living environment of the ageing population. These are 
participation in social activities; social inclusiveness and maintaining dignity; civic 
participation and employment; communication and information; community support and health 
services; transportation; and housing. A supportive environment addresses these concerns 
(World Health Organization, 2007) and increases active ageing by maximizing opportunities 
for health promotion, security, and involvement in order to enhance the quality of life (World 
Health Organization, 2002). Briefly, the concept of social and active ageing emphasises the 
creating and maintenance of a built environment that supports the ageing population by 
performing the following functions: 
(i) enabling healthier and active choices, 
(ii) providing an opportunity for meaningful social interactions,  
(iii)encouraging walking and physical activity, 
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(v) preventing chronic disease and complications, and 
(vi) reducing health-related expenditure. 
 
Thus, the long-term health and wellbeing of the ageing population can be modified through the 
planning and design of the built environment (Boudiny, 2013; Van Cauwenberg et al., 2017). 
For example, a park can influence the engagement of older persons at different levels of outdoor 
activities. Its design can determine whether it is a resource or barrier to participation and 



























































Figure 1. 3: Factors that contribute to levels and distribution of health in older age reproduced from 
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Moreover, the accumulated benefits of a built environment that help to prevent non-
communicable diseases (NCDs) such as heart disease, cancer, and diabetes and reduce social 
isolation are well documented (Barton & Grant, 2013; Booth, 2016; Brownson et al., 2009; 
Giles-Corti et al., 2014; Khan, 2011; Yen et al., 2009). Built environmental characteristics have 
been identified in a more holistic framework of factors influencing healthy ageing, which has 
been proposed by Sadana et al (2016). The framework is presented in Figure 1.3 (previous 
page). 
1.2.1 Why environmental intervention is effective in promoting social and active ageing 
 
By the end of the twentieth century, the major health threats were no longer infectious and 
parasitic diseases; they had been supplanted by the rise of chronic or non-communicable 
diseases (NCDs) particularly in the developed world but increasingly in the developing world 
(Figure 1.4a). The shifting disease pattern and different types of determinants over the years 
are termed an ‘epidemiologic transition’ (Caselli et al., 2002; Mackenbach, 1994; McKeown, 
2009). Figure 1.4a suggests a contrasting pattern of epidemiological transitions between the 
Western high-income countries (HICs) and low and middle-income countries (LMICs). NCDs 
became a real burden for the HICs (Boutayeb, 2006) as reflected in Figure 1.4b. In contrast, 
LMICs, notably China and India, are suffering from a ‘double burden’ of the emerging 
prevalence of NCDs as well as incomplete eradication of infectious disease (Beaglehole et al., 
2011; Bygbjerg, 2012; Omran, 2005). NCDs are projected to be the leading causes of death 
and disabilities in the LMICs within the next few decades. The rise of chronic NCDs in LMICs 
is associated with changes in the lifestyle and diet of the population, as well as the demographic 








Figure 1. 4: (a) Prevalence of NCDs (left) around the world and (b) among the senior people of Western 
countries (Source: US National Institute of Aging, 2011) 
 
The research found that NCDs like type 2 diabetes can be prevented through altering people’s 
lifestyles, including dietary changes, physical activities etc. Lifestyle interventions such as 
engaging in regular physical activities can actually reduce type 2 diabetes risk in persons at 
high risk more than the use of metformin, the standard medicine used to modify blood glucose 
levels (Diabetes Prevention Program Research Group, 2002; Tuomilehto et al., 2001). In 
addition, another study (Pan et al., 1997) showed that physical exercise performs better than 
other types of ‘lifestyle interventions’, such as changing diet. Figure 1.5 illustrates these results. 
However, a recent study found combined effect of metformin and physical exercise may give 
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Figure 1. 5: The size of reducing type 2 diabetes mellitus through lifestyle interventions (reproduced from 
Diabetes Prevention Program Research Group, 2002; Tuomilehto et al., 2001; Pan et al. 1997) 
 
With this high-quality evidence produced from randomised controlled trials, the question is 
now how to get people to be more physically active. Assigning personal coaches is not a 
population-level strategy and will not solve the problem of social isolation, so what other 
options are there? With over half the world’s population now living in cities, research interest 
in urban environmental effects on health outcomes has grown in recent decades (Boarnet, 2006; 
Frank et al., 2006; James et al., 2015). 
1.3 ROLE OF URBAN GREEN SPACES (UGS) ON SOCIAL AND ACTIVE AGEING   
 
UGSs are univocally referred to as the unbuilt urban spaces that are covered with some sort of 
vegetation and recreational amenities and that the public can access easily. They include 
different types of parks, playgrounds, nature reserves, woodlands, botanical gardens and so on 
(Hunter & Luck, 2015; Kabisch et al., 2016; Schipperijn et al., 2010, and many others). Spaces 
that have little or no access to the public, such as private gardens, golf courses and rooftop 
gardens, are often also considered as UGS. However, in this study only publicly accessible 
green spaces within the city are considered as UGS. Much of the research to date in relation to 
UGS has concentrated on their health benefits (Africa et al., 2014; World Health Organization, 
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papers, including systematic reviews (Gascon et al., 2016; Hartig et al., 2014; James et al., 
2015; Kabisch et al., 2017; Lachowycz & Jones, 2011; Lee & Maheswaran, 2011; 
Suppakittpaisarn et al., 2017; van den Berg et al., 2015), and in books (e.g., Van Den Bosch, 
2018). These reviews of epidemiological studies report evidence of the beneficial effect of 
UGS on physical health (e.g., in relation to obesity or overweight (Astell-Burt, Feng, & Kolt, 
2014b), cardiovascular diseases (Maas et al., 2009), diabetes and chronic conditions (Brown et 
al., 2016), birth and pregnancy outcomes (Dadvand et al., 2012), mental health (including 
general mental health , psychological well-being (Feng & Astell-Burt, 2017b; Hartig, 2008), 
stress (Astell-Burt et al., 2013), perceived mental health (Triguero-Mas et al., 2015), clinical 
anxiety (Maas et al., 2009) and depression (Maas et al., 2009)), lifestyle behaviour (e.g., 
walking and moderate to vigorous physical activity) (Astell-Burt et al., 2013; Giles-Corti & 
Donovan, 2002) and mortality (Astell-Burt, Mitchell, et al., 2014; James et al., 2015; van den 
Berg et al., 2015) and conditions (such as feeling of safety (Kuo & Sullivan, 2001)) that are 
necessary to support the activities. 
  
The conceptual pathways through which UGS exert influences on health outcomes were 
summarised by Hartig et al. (2014). However, these pathways have recently been re-
conceptualised based on how new research on green space and health might evolve (Markevych 
et al., 2017). Figure 1.6 displays the re-conceptualised diagrams of these pathways. In brief, 
these pathways are ‘restoration’ (e.g., alleviating stress), ‘instoration’ (e.g., increasing physical 


























Figure 1. 6: The reproduced diagram of domain pathways linking urban green spaces with health 
(redrawn from Markevych et al. (2017)   
 
Thus improving the physical characteristics of the neighbourhood built environment, especially 
by effective design and improving access to green spaces, is considered to be an important 
lever for promoting social and active ageing in multiple ways (e.g., promoting physical 
activities and social participation, psychological restoration, enhancing well‐being and quality 
of life, etc.) in many countries including LMICs.  
1.3.1 Quantity and quality of the UGS 
 
The potential health benefits of UGS are discussed from both quantitative and qualitative 
perspectives mainly within the socio-ecological models (e.g. Lachowycz & Jones, 2011; 
Schipperijn et al., 2013; Ward Thompson & Aspinall, 2011). Socioecological models consider 
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across a society (Lounsbury & Mitchell, 2009). By using these type of models, most of the 
researchers quantitatively measured the presence of UGS within the living environment to 
assess the effect of UGS on health and wellbeing (Edwards et al., 2013). The presence of green 
spaces in the living environment is measured by different types of indicators such as the 
percentage of green space (Astell-Burt, Feng, Mavoa, et al., 2014a; Maas et al., 2006) and 
accessibility metrics (Ekkel & de Vries, 2017; Higgs et al., 2012). The living environment is 
delineated in consideration of the individuals’ residences or neighbourhoods through fixed 
boundary spatial or administrative units, such as a municipal ward, census tract or buffers with 
different radii (Laatikainen et al., 2018) 
 
In addition to the quantitative availability, use of UGS was prioritized to accrue health benefits 
that are associated with the UGS (Schipperijn et al., 2010). Accordingly, the quality became a 
subject of UGS research that might attract or deter people from using the UGS (Edwards et al., 
2013; Kaczynski et al., 2008; Rigolon & Németh, 2016). Studies showed that poor quality UGS 
may discourage people to utilize them in its full potentials (McCormack et al., 2010; Mitchell 
& Popham, 2007; van Dillen et al., 2012). Considering the health-supporting potentials of 
UGS, therefore, researchers identified the gap and suggested to expand the investigation from 
the understanding of the ‘quantitative’ dimension of UGS to the investigation of the ‘quality’ 
of UGS (Hunter & Luck, 2015; van Dillen et al., 2012). The quality of UGS was defined in 
terms of its social and ecological values (Hunter & Luck, 2015). The former are those influence 
the physical characteristics of UGS such as the accessibility, amenities, facilities, types and 
rate of use as well as management. The latter is related to the natural characteristics of the UGS, 
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Different methods to assess the quality of UGS is being increasingly used by the researchers 
(Edwards et al., 2013; Kaczynski et al., 2012). A review of the existing literature suggests that 
these measures were broadly classified into three major types. The most common type of 
measures is the questionnaire and interview-based subjective assessment of UGS (Hunter & 
Luck, 2015); satellite imagery-based objective assessment tool (Rzotkiewicz et al., 2018), such 
as public open space desktop auditing tool (POSDAT) (Edwards et al., 2013); and direct 
auditing of UGS quality, such as community park auditing tool (CPAT) (Kaczynski et al., 
2012), Environment Assessment of Public Recreation Spaces (EAPRS) (Saelens et al., 2006).  
None of these measuring tools is free of drawbacks and therefore the selection of a measure is 
context-specific, dependent on the research design and resource availability.   
 
1.4 IMPLICATIONS OF ‘INEQUITY’ IN UGS QUANTITY AND QUALITY  
 
Inequity is defined as the absence of fairness and equity in the distribution of public resources, 
such as UGS (Nicholls, 2001). Beyond the competing and complex meaning of ‘equity’, four 
types of equity were found by Nicholls (2001); such as equality, compensatory or need, demand 
and market. Of these four concepts of inequity, unequal distribution of public resources 
irrespective of geographic areas and socioeconomic circumstances and the compensatory 
approach for people in need are overarching concepts in environmental health research. Studies 
have found that the low-income and socioeconomically disadvantaged group within the 
population in the HIC cities has access to fewer and poor quality UGS (Wolch et al., 2014). 
Equitable access and use of public health resources, such as UGS, are being extensively 
included in ‘environmental justice’ theories (Dai, 2011; Jennings et al., 2012; Wolch et al., 
2014). The socioeconomic differences of neighbourhoods are, therefore, studied in the 
socioecological models. Within this model, the researcher identified the potential moderating 
roles of demographic, socioeconomic circumstances and racial compositions in the relationship 
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between the aspects of the built environment and health-related outcomes  (Molina-García et 
al., 2017; World Health Organization, 2017). Researchers have found evidence of the 
socioeconomic inequity in UGS quality (Engelberg et al., 2016; Rigolon, 2016; Vaughan et al., 
2013) which indicated that the green spaces that are available for the disadvantaged group are 
low in quality and level of amenities. 
 
The differences in health status among different subgroups of the population frequently result 
from differences in socioeconomic circumstances and the situation is defined as health 
‘inequality’ (Gakidou et al., 2000; Murray et al., 1999; World Health Organization, 2015). 
Health inequality may also occur due to the differences in biological, socioeconomic or spatial 
characteristics (Murray et al., 1999). For example, affluent groups are known to be more 
physically active and have more social contacts. Disadvantaged populations, by contrast, tend 
to be more sedentary and socially isolated (Mitchell & Popham, 2008; Popham & Mitchell, 
2007; Saelens et al., 2003). Health inequality among older adults, on the other hand, is 
supposedly related to the accumulated disadvantage through the course of their life and their 
experience of different types of inequities in human basic needs as well as in the environments 
(Kuh, 2007; Liu, 2010; Sadana et al., 2016). For example, the attainment of the WHO 
recommended a level of physical activity (150 minutes per week) among the elderly people 
were found to be mediated by the education level (Sadana et al., 2016). Given the overarching 
epidemiological evidence of the beneficial effect of UGS in the health  and physical activities 
pertinent to healthy and active ageing, researchers attempted to relate health inequality with 
the inequitable distribution, access and consequently less use of UGS and hypothesised that 
this would result in health inequality among different population subgroups, including the 
ageing population (Mitchell & Popham, 2008; Rigolon, 2016; Sugiyama et al., 2017; Wolch et 
al., 2014).  
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The inequitable distribution of UGS has been previously described as an amplification of 
deprivation (Ecob & Macintyre, 2000; Macintyre, 2007). According to this notion, social and 
physical activities among the ageing population from more disadvantaged areas tend to be 
poorer because of the low quantity and quality of UGS in poorer areas (Macintyre, 2007). 
However, in a revisiting of the ‘deprivation amplification’ notion, Macintyre (2007) 
highlighted the inadequacies of the previous commentary by citing several examples. She 
updated her findings and suggested that the association between health-promoting resources 
and area-level socioeconomic status could be the function of resource types, country context, 
and the time when the empirical analysis is undertaken. Accordingly, policy recommendations 
should be based on the up to date analysis of data. Following Macintyre’s updated findings this 
research could be a novel addition, adding further evidence to the ‘deprivation amplification’ 
debate through a particular focus on UGS quantity and quality and consequent usage behaviour 
by the elderly population in contrasting geographical contexts.  
1.5 FORMULATION OF THE RESEARCH PROBLEM: JUSTIFICATION AND 
AMBITION 
 
Much research has been undertaken in recent decades investigating the effect of built 
environment characteristics (e.g., walkability, land use diversity, building density) on the 
health-related outcomes of the ageing population. The studies are well summarised in several 
systematic reviews (for example: Annear et al., 2014; Garin et al., 2014; Moran et al., 2014; 
Van Cauwenberg et al., 2018). Garin et al. (2014) highlighted only 1 study out of 48 studies 
and Annear et al. (2014) mentioned the indirect effect of UGS on healthy and active ageing in 
3 studies out of 83. The health significance of UGS is comparatively better articulated by 
Moran et al. (2014) and Van Cauwenberg et al. (2018). Aside from the studies included in these 
systematic reviews, several recent studies found a positive impact of UGS on longevity 
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(Takano et al., 2002) and all-cause mortality (Wang et al., 2017); wellbeing (Burton et al., 
2015) and mental disorder (Wu et al., 2015); health-related quality of life (Petersen et al., 
2018); aged care facilities (Artmann et al., 2017) and social contacts (Kemperman & 
Timmermans, 2014). Enabling regular physical activities (Dalton et al., 2016; Gong et al., 
2014) was to be the most frequently observed health benefit associated with the use of UGS in 
the studies, with very few exceptions (Dempsey et al., 2018). As per a brief review of the 
studies included in these systematic reviews, UGS being a component of the built environment 
was comparatively less a focus as a predictor of positive health outcomes for the elderly 
population.  
 
Nevertheless, the interests in the beneficial effects of UGS on older adults is steadily growing 
amid a higher pace of urbanisation and the demographic transition around the world. It is 
apparent, however, the majority of the studies is set in the high-income countries (HICs), such 
as North America, North and Western Europe, Australia and New Zealand. In the most updated 
systematic review (Van Cauwenberg et al., 2018), no studies from the low and middle-income 
countries (LMICs) contexts were reported. The geographic distribution of the other three 
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Figure 1. 7: The skewed distribution of study contexts in the systematic reviews of built environment-
health studies 
 
A closer examination was conducted on several of the more recent systematic reviews that 
summarised the beneficial effects of UGS on the health outcomes (Table 1.1, below) 
irrespective of the population group. The review of the systematic reviews revealed how the 
epidemiological studies in this area of research have been geographically skewed to the HICs 
similar to built environment-health studies. Very few epidemiological studies surveyed in the 
review of systematic reviews were found that to have been conducted in the LMICs as well as 
high-density Asian countries such as in Singapore, Taiwan and so on. Only one study was 
found in the review by James et al (2015), two in the review by Kabisch et al. (2017)  and three 
in the review by Browning and Lee (2017). This means the evidence for potential health 
benefits of UGS accumulated so far, particularly that related to the ageing population, has been 
concentrated within the HICs. At the same time, an upward trend in UGS-health studies in the 
LMICs can be observed, even if it is to a limited extent.  
 
Table 1. 1 A comparative scenario of studies on the green space effects on health in the developed and 
LMIC 
 
Authors (year) Systematic review title Included 
studies 
No of countries 
representing LMIC and 
high-density Asian 
countries 
Kondo et al 
(2018) 
Urban Green Space and Its Impact on 
Human Health 
68 0 
Kabisch et al. 
(2017) 
The health benefits of nature-based 
solutions to urbanization challenges 
for children and the elderly - A 
systematic review 
27 2 (Bulgaria, China); In the 
Chinese study green spaces 
were not considered as an 
exposure variable.  
Browning and Lee 
(2017) 
Within what distance does “Greenness” 
best predict physical health? A systematic 
review of articles with GIS buffer 
analyses across the lifespan 
 
47 3 (Brazil, Colombia, 
Mexico) all of these 
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van den Berg et 
al. (2015)  
Health benefits of green spaces in the 
living environment: A systematic review 
of epidemiological studies 
 
40 0 
Gascon et al. 
(2015) 
Mental health benefits of long-term 
exposure to residential green and blue 
spaces: a systematic review 
28 0 
James et al. 
(2015) 
A review of the health benefits of 
greenness 
66 1 (Egypt) 
 
1.5.1 Why is the geographic skew of evidence a major problem? 
While most of the LMICs are experiencing simultaneous growth in ageing populations and 
increasing prevalence of NCDs, there is a clear lack of evidence from those contexts on the 
benefits of investing in UGS to promote social and active ageing. This is a problem especially 
when there is evidence that the lack of physical activity is one of the leading factors of NCDs 
in the LMICs (Bauman et al., 2012).  
 
Why the research findings in the HIC contexts are not generalisable 
 
Example drawn from LMICs and a high density Asian country vary from the HICs because of 
their very different histories (even in modern times), economies, climates, cultural traditions, 
political environments and legal systems, their stage of progression in the demographic and 
epidemiological transitions as well as their different approaches to urban planning and 
provision of built and physical environments. In the subsequent chapters and discussion 
sections, several of these distinguishable characteristics are discussed with respect to the 
research findings. Nevertheless, some key factors are highlighted here that justify why LMICs 
need special attention in terms of UGS-health research.  
 
i. Urbanisation pattern and health: 
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According to the key facts of world urbanisation trend (UN, 2015), the highest share of (53%) 
of the global urban population live in Asia. That having been said a given country may still 
have a comparatively lower level of urbanisation. Figure 1.8 shows crude statistics of the city 
populations projected for 2030, prepared by the United Nation (DESA, 2018). The map clearly 
shows that the largest growing cities (bigger red circles) are going to be mostly in Africa and 
Asia, in countries that are LMICs. 
 
Figure 1. 8: Percentage urban and location of urban agglomerations with at least 500,000 inhabitants, 
2014 (source: (DESA, 2018)) 
 
Although the growth of cities is accepted as inevitable, urbanisation has also been identified as 
a potential leading factor for the increasing level of NCDs particularly in the LMICs (Leon, 
2008). The prevalence of NCDs was ascribed to a high level of malnutrition that began in the 
prenatal period among the rural population in the LMICs. It was estimated that the burden of 
mortality due to malnutrition in the LMICs is nearly the same as the mortality in the HICs 
caused by combined disease and injuries (World Health Organization, 2009). When a cohort 
of the population who are born already affected by maternal malnutrition migrated to 
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competitive city life in pursuit of a better life, a kind of ‘mismatch’ could be found due to a 
lower level of mental and physiological adaptation (Leon, 2008). Thus, exposure and 
interaction with the UGS may not have similar health benefits for the urban population in the 
LMICs due to differences in the adaptation level due to persistent often lifelong effects of early 
malnutrition.  
ii. System of urban governance 
 
Urbanisation is always conceived of as an engine of economic development and therefore the 
economic development of the LMIC cities is on the rise. However, it is also speculated that the 
economic gap between advantaged and disadvantaged population groups within LMICs is 
likely to persist (Burdett, 2015).  Compared to the rural people, urban people are more 
congested, therefore, it is more convenient and cost-effective for the governments and non-
government entities to provide necessary health and support services for the urban population, 
even if to a limited extent. The urbanisation in the LMICs is characterised by an upsurge of 
informal settlements. The population in this type of urban settlements live in jeopardy with a 
lack of basic services, such as the provision of safe drinking water, sanitation and primary 
healthcare (Montgomery, 2009). In contrast, in high density Asian countries like Singapore, 
where there is no recognisable rural population, the urban services are more accessible and 
approachable for different socioeconomic levels of the urban population. This highly 
developed Asian nation whose government operates a universal health care system; it has a 
significant private health care sector too. 
 
Considering investment in UGS as a protective mechanism for the distal causes of diseases, 
the extent of political policies and degree of willingness of government (local, state and/or 
national) to undertake such investment would also vary between HICs and LMICs (Cole et al., 
 
 
22 | P a g e  
 






iii. Health risk factors  
 
“Out of the estimated 2.2 million deaths from NCDs every year in the region, almost 2.1 
million occurred in low- and middle-income countries, where more than 780,000 deaths 
from NCDs occurred before the age of 60.” (World Health Organization, 2010a, p.3) 
 
The concentration of wealthier city residents across the LMICs was found to be more 
associated with sedentary lifestyles whereas their HIC counterparts were more likely to have a 
more active lifestyle along with higher accessibility of unhealthy processed food, rich in fat, 
energy and salt (Dye, 2008; World Health Organization, 2010a). However, even in wealthier 
countries, fast food outlets were found to be concentrated in poorer areas and had a lower 
concentration in wealthier suburbs. Better nutrition and health was also associated with 
wealthier suburbs in HICs, such as in Sydney (Aubusson, 2017). In LMICs and poorer areas 
of HICs, there is a high rate of smoking prevalence and physical inactivity among adolescents 
(World Health Organization, 2010b).  
 
Although a recent study, conducted in six LMICs, found a similar inverse relationship between 
age and outdoor activities (the older the person, the lower the activity level) as well as other 
correlates of social and physical activities as found in HICs (Gaskin & Orellana, 2018), HICs 
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have shown success in taking control of several of the risk factors, such as in Australia with its 
introduction of a national smoking cessation program (Cunningham et al., 2005), in the USA 
with its National Physical Activity Plan, and in the UK with local ‘moving more, living more’ 
initiative (Mayor of London, 2014) and so on. But such efforts require adequate funding and 
government support (and a willingness to forego income from associated taxes on what is now 
deemed an undesirable product in the case of tobacco) and broad cooperation, thus it may be 
assumed that such important preventive health care would not be as popular (or successful, 
given the level of tobacco advertising) in LMICs as it has been in the HICs. Tobacco addiction 
is hard to break, and when one may already work long hours for little pay or subsistence income 
levels, exercise is a low priority as effort is poured into income production. If one becomes 
wealthy then one is also predisposed to weight gain and diabetes (much as the Australian 
indigenous population is), so in many Asian LMICs the task ahead is doubly difficult in terms 
of wealth creation, healthy lifestyle adoption and promotion and subsequent healthy ageing. 
 
iv. Inner-city dynamics 
 
Cities in the LMICs are growing at a higher rate than those in HICs, and the internal pattern of 
the urbanisation also differs between these two contexts but also between HIC contexts. For 
example, low-income and disadvantaged population groups in US cities usually occupy the 
urban core (Wolch et al., 2014). On the other hand, an opposite inner-city dynamics were found 
in the LMIC contexts where most of the low-quality housing was located on the outer periphery 
of the major cities (Barros, 2004; Wakely, 2014, p.6). However, this is also the more common 
pattern in Australia, where inner-city areas, once the residence of the poorer working class, 
have become gentrified (and their purchase prices have soared) and they are now occupied by 
the wealthy while poorer persons are displaced to cheaper more distant suburbs with long 
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expensive commutes to work. Exceptions are a few major ‘hubs’ of high-density living that are 
located away from the central city (e.g., Parramatta, the fourth most dense area in Sydney but 
located outside the inner city, and Chatswood, the northern suburban ‘hub’).  
 
Considering the differences highlighted above, it would not be, therefore, reasonable to 
consider that the research findings from HICs on the way and to the extent to which UGS affect 
population health and wellbeing could be easily applicable to LMICs. It would not be generally 
assumed that a certain UGS quality or characteristic, such as the installation of fitness corner, 
would be appreciated in a similar way by a population with a different cultural background and 
healthy attitude. Therefore, the geographical skew of the UGS-health evidence from HICs 
should be considered a problem in its utilisation for formulating policies in LMICs.  
1.5.2 Proposed research framework  
 
Despite there being beneficial effects of UGS on various indicators of health and wellbeing, 
concerns regarding the types and features of UGS that get ageing people outdoors to be 
physically active and social are not adequately addressed in diverse international contexts. 
Therefore, an international study is required, mainly because it cannot be assumed that the 
results from studies that investigate the impact of UGS quality on social and active ageing in 
the cities of Europe (Nieuwenhuijsen et al., 2014), North America (Costigan et al., 2017; 
Kaczynski et al., 2008), or Australia (Veitch et al., 2015) will be generalisable to cities like 
Dhaka (Bangladesh) and Singapore (essentially a city-state) and Sydney (Australia). Dhaka is 
a megacity in a developing country experiencing a ‘double disease burden’ (Boutayeb, 2006; 
Bygbjerg, 2012; Mascie-Taylor, 2012), wherein both communicable and non-communicable 
diseases are major problems. Public health approaches tend towards addressing communicable 
diseases in developing nations and the concept of investing in urban planning and UGS as 
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levers for promoting active and social ageing is still far away from government thinking at a 
policy level. Conversely, Singapore and Sydney are in high-income contexts where, according 
to the report on the global burden of disease, communicable diseases constitute minor 
proportions of the overall burden of disease (Murray et al., 2013). Recognition of the health 
and societal benefits of UGS have greatly increased in these cities, as demonstrated by 
Sydney’s ‘Green Grid’ (Schaffer, 2015) and Singapore’s ‘Park Connector Network’ 
(Singapore Green Plan, 2012; Tanuwidjaja, 2011). Nevertheless, considering urbanisation, 
Sydney is a sprawling and comparatively low-density city with an infrastructure of variable 
quality in a temperate climate where most people tend to be dependent on private cars 
(Newman & Kenworthy, 2006; Trubka et al., 2010) rather than public transport (such as trains 
and buses), the inadequate provision of which is routinely criticised (Infrastructure Australia, 
2018; O'Sullivan, 2018). Singapore, on the other hand, is a landlocked city-state comprised of 
one main island and more than sixty small islets with a uniformly tropical climate (Henderson, 
2012). Singapore is considered because of its history of rapid development in its economy and 
as a multiracial nation. Singapore is a very high-density city with modern infrastructure where 
most people live in very high-rise apartments (Seik, 2001; Soh & Yuen, 2006). It has a one-
party politicial system together with centralised and far sighted urban planning system and this 
has enabled the Singapore government to shape each parcel of the city into highly planned 
whole since its independence (Henderson, 2012). The way the city is planned, international 
relationships are developed, green areas are conserved and replenished, natural resources are 
used, Singapore is often tagged as a model of sustainable development to urban planners around 
the world (Dale, 2008; Henderson, 2012; Tortajada et al., 2013).  
 
Between each of these very different cities, the provision and qualities of UGS will likely be 
highly varied and their use by local seniors may be subject to important traits that cannot be 
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identified if studied in isolation. It would appear prudent, therefore, to expand the scope of this 
research to new and different contexts in order to break new ground in our understandings of 
what features of UGS encourage the older generation to be active and social outdoors and this 
can only be identified by leveraging heterogeneity and embracing a diversity of contexts 
(McCormack et al., 2010). The gap in the geographical representation of the UGS-health 
evidence as well as the scant focus on the effect of UGS quantity and quality on the social and 
physical activities among the ageing population is the justification for the conducting 
international case studies in my PhD research. The conceptual framework of this potential 











Figure 1. 9: The conceptual framework of the proposed research where the shaded area is the research 
contribution area 
1.5.3 Case cities 
To address the existing limitation of geographical skew, three widely different cities have been 
chosen. These three cities are Singapore city, Dhaka in Bangladesh, and Sydney in Australia. 
The three cities are purposefully selected due not only to their familiarity to the authors and 
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and explained in the previous sections). Sydney and Singapore are in high-income developed 
countries but differ significantly in terms of landmass, population density and urban form. 
Dhaka is the capital city of Bangladesh, which is an LMIC according to the United Nations 
(2017). The heterogeneity of these three cities has already been discussed above. Each city was 
delineated by using existing administrative boundaries within a geographic information system 
(GIS). The ‘urban centre and locality’ boundary designated by the Australian Bureau of 
Statistics was used to define the metropolitan area of Sydney. The boundary of Singapore 
included the mainland area only, excluding small enclaves and islands used for recreational 
and industrial operations. For Dhaka, the city boundary was defined by the two parts (north 
and south) of Dhaka City Corporation and the spatial data was collected from the capital 
development authority (RAJUK (Rajdhani Unnayan Kartripakkha). A brief introduction is 
given here:  
i. Sydney Urban Centre and Locality Boundary, Australia 
 
Figure 1. 10: (left) Political map of Australia (source: http://www.nationsonline.org/oneworld/map/), (right) 






Area (GIS calculation):   2036.5 sqKm 
Population density (GIS calculation):  2796 Pop/sqKm (latest census) 
Country life expectancy:    82.4 years (Central Intelligence Agency, USA) 
GDP per capita:     US$ 50,400 (Central Intelligence Agency, USA)  

















Figure 1. 11: (right) Political Map of Singapore (Source: 
https://www.nationsonline.org/oneworld/map/singapore_map2.htm ), (left) lowest area level map of Singapore 


















Figure 1. 12: (Left) Location map of Bangladesh (source: http://www.globalcitymap.com/bangladesh/), (b) 
Dhaka city corporations (study area) produced from GIS data. 
 
Area (GIS calculation):   134.12 sqKm 
Population density (GIS calculation): 77394 Pop/SqKm (latest census) 
Country life expectancy:    73.7 years (Central Intelligence Agency, USA) 
GDP per capita:     US$ 4,200 (Central Intelligence Agency, USA) 
Racial composition:     Bengali, ethnic indigenous (~2%) 
Area (GIS calculation):   656.60 sqKm 
Population density (GIS calculation):  5876 Pop/sqKm (latest census) 
Country life expectancy:    85.5 years (Central Intelligence Agency, USA) 
GDP per capita:     US$ 94,100 (Central Intelligence Agency, USA) 
Racial composition:    Chinese, Malay, Indian, others 
 
 




The scenario of epidemiological transitions 
 
Figure 1. 13: Changing pattern of disease burden in the three countries (Source: 
http://www.who.int/topics/global_burden_of_disease/en/ ) 
 
1.6. RESEARCH QUESTIONS AND ORGANISATION 
 
This proposed research aims to answer five questions while directly addressing the key 
problems stated above within the socioecological framework. Each question is designed to be 
formative for the next one in a scaffolded design. In this introductory chapter, a ‘light touch’ 
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exposition, including methodology and progress that are explored sequentially in the following 
chapters. 
 
i. What does current evidence say about the health benefits of UGS in low and 
middle-income countries? 
 
Commentary: Most studies on this subject are based on high-income countries (HICs), 
but that does not mean that the few studies in low and middle-income countries (LMICs) 
(have not produced important results. Accordingly, in this chapter, I will contribute the 
first systematic scoping review focusing specifically on studies set in LMICs. 
 
ii. Is there socioeconomic inequity in the availability of UGS for the older adult 
people in different international contexts? 
 
Commentary: Availability and access to UGS in many HICs has been demonstrated to 
be inequitably distributed with respect to socioeconomic circumstances within cities 
(Astell-Burt, Feng, Mavoa, et al., 2014a; Barbosa et al., 2007). In this study, I will 
expand the scope of previous investigations related to environmental injustice by 
conducting an international comparison of UGS availability and accessibility with 
respect to community ageing and socioeconomic circumstances in three contrasting 
urban and country contexts. This study will be conducted using existing data sources 
and GIS technologies. 
 
iii. Do the quality features of UGS that promote social and active ageing vary 
between and within the internationally diverse cities?  
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Commentary: Research has shown that UGS availability and accessibility are 
necessary but insufficient conditions for promoting active and social ageing 
(Schipperijn et al., 2010). Access to poorly designed and maintained UGS is not 
attractive; the ‘quality’ of green space matters. But the ‘quality’ (embracing both 
characteristics or qualities as well as their standard) that attracts seniors into UGS 
may vary considerably depending upon the local and national context. In this study, I 
have adapted validated data collection tools and GIS technologies to compare the 
features and users within a sample of UGS in Dhaka, Singapore, and Bangladesh by 
using primary data.  
 
iv. To what extent does the association between ageing relevant UGS quality and 
level of activities vary internationally and locally?  
 
Commentary: There are different domains of UGS quality, such as observed 
accessibility, amenities, activity spaces and so on, each of which may not be relevant 
for moderate to vigorous types of activities; and, again, their relevance may vary 
between and within cities. Based on the activity data collected through the same 
objective auditing tool, I will compare the association between ageing relevant UGS 
quality and level of activities in those diverse cities. In addition, I will investigate the 
moderating effect of area-level socioeconomic circumstances and the proportion of the 
ageing population. 
 
v. What recommendations can be made for urban planners for targeting 
investment in UGS for the promotion of social and active ageing? 
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Commentary: It is common for studies in this genre of research to contribute to the 
formation of new guidelines for urban planning professionals. Accordingly, I will draw 
upon my professional experience as an urban planner to synthesise all of the learning 
from my PhD data collection and analyses to reflect and critically evaluate current 
guidelines and offer enhancements based on my own learning. Importantly, such 
guidelines tend to be produced for urban planners in high-income contexts such as 
Singapore and Australia (e.g., the Heart Foundation’s “Healthy Active by Design”), 
but not in LMICs, so in this final part of my thesis I will also use my findings to develop 
some of the first planning guidelines on UGS for the promotion of active and social 
ageing in Bangladesh. 
1.7. RESEARCH OBJECTIVES 
 
While addressing the research questions, the key objectives to achieve from this PhD research 
are as follows: 
I. To identify and develop small area typologies for delineating socioeconomic 
stratification; 
II. To review, synthesise and summarise the evidence of the UGS health benefits in 
LMICs; 
III. To collate and analyse objective data of UGS quality using objective green space 
auditing tools ;  
IV. To understand and compare the nature of socioeconomic inequity in the availability, 
accessibility and quality of UGS between HICs and LMICs;  
V. To explore the relationship between ageing relevant UGS quality and level of activities 
in diverse international cities; and  
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VI. To inform policymakers and urban planners and designers of the findings and proposed 
new strategies.  
1.8 SUMMARY  
 
The growth of urbanisation, with its associated concurrent demographic and epidemiologic 
transitions, has stimulated research on how to intervene in built-up urban environments for 
better health outcomes, including among such interventions the use of UGS to protect ageing 
members of the population from an early decline of cognitive and physical functionality. 
Aligning with the global strategic goals of promoting active ageing, this PhD research 
identified shortfalls in the accumulated evidence highlighting the positive impacts of UGS on 
ageing health and wellbeing. These shortfalls include geographical underrepresentation of the 
evidence, inadequate evidence of the UGS benefits, and the implications of UGS quality on 
social and active ageing. To address these gaps, I have aimed to answer five research questions 
in the PhD research that emerge from the existing shortfalls and research opportunities offered 
by such shortfalls by conducting an international study. Based on existing research and my own 
international study, I also suggest areas of future study. The international study includes case 
study cities from both high-income and low and middle-income countries with significant 
differences in their demographic, epidemiologic and urban development patterns. In the 
following chapters, the research questions are answered with evolving methodology required 
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CHAPTER TWO: SCOPING REVIEW ON THE URBAN GREEN SPACE AND 
HEALTH INTERRELATIONSHIPS IN THE LOW AND MIDDLE-INCOME 
COUNTRIES 
 
Research question: What does current evidence say about the health benefits of UGS in low 




Studies from high income, mostly westernised countries tend to report health benefits from 
urban green spaces (UGS). Generalizability of this evidence for the 125 low and middle-
income countries (LMICs) is debatable. This scoping review synthesized what is known about 
the health benefits of UGS in LMICs. Following PRISMA guidelines, 22 studies were found 
through a systematic search and after applying inclusion criteria by two researchers. A 
quantitative and qualitative synthesis of these studies included a study quality assessment using 
the National Institutes of Health quality assessment tool for observational cohort and cross-
sectional studies. The 22 studies were conducted in 11 LMICs and mostly of the cross-sectional 
design. Three studies included elderly people in the sample population. Twelve studies 
investigated associations with mental health and six examined self-reported general health, all 
reporting UGS benefits except the study conducted on the population of informal settlements. 
Four studies were on physical health with inconsistent findings. Thirteen studies used only 
subjective measures of UGS exposure (i.e. perceived green space availability). Three studies 
explored mediation analyses and reported physical activity and perceived restorativeness of 
UGS to be the strongest potential pathways to better health, although interactions with other 
pathways were not analysed. Given the global burden of the non-communicable disease being 
increasingly concentrated in LMICs, hitherto scant enquiry on potential health benefits of UGS 
in LMICs is an important gap in knowledge. More research, especially longitudinal studies that 
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make use of objective indicators of UGS design, utilisation and health indicators in a wider 
range of LMICs is warranted. 
2.1 INTRODUCTION 
 
The multidimensional definition of health as given by the World Health Organization (WHO) 
widened the scope from just ‘the absence of disease or infirmity’ to ‘complete physical, mental 
and social well-being’. This definition emphasizes the preventive measures than responding to 
only symptoms based health cure (Hartig et al., 2011) by focusing on the physical, 
psychological, social and environmental determinants of health. With over half the world’s 
population now living in cities, research interests in urban environmental effects on health 
outcomes have grown in recent decades (Boarnet, 2006; Frank et al., 2006; James et al., 2015). 
The potential health benefits of urban green spaces (UGS) are an increasingly popular area of 
this research as demonstrated by numerous systematic reviews  (Gascon et al., 2016; Hartig et 
al., 2014; James et al., 2015; Kabisch et al., 2017; Lachowycz & Jones, 2011; Lee & 
Maheswaran, 2011; van den Berg et al., 2015). In this review, the definition of UGS was 
aligned with that one is given in the introduction section: the unbuilt urban spaces that are 
covered with vegetation and recreational amenities for the use of the public, such as different 
types of parks, playground, nature reserve, woodlands, botanical garden, and so on. 
Accordingly, private garden, rooftop garden and agricultural lands are not considered as urban 
green spaces.  
 
However, a closer examination of several of the more recent systematic reviews (referring back 
to table 1.1) reveals how few epidemiological studies in this area of research have been 
conducted in LMICs. This geographical concentration of evidence presents challenges for 
policymakers in LMICs, for which the need to enhance the prevention and management of non-
communicable diseases (NCDs) is rapidly increasing (Daar et al., 2007; Leeder et al., 2004; 
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Miranda et al., 2008). It may be that the health benefits of UGS as reported by studies in high-
income countries will not generalize particularly well to LMICs that are experiencing 
‘epidemiologic transition’ (Caselli et al., 2002; Mackenbach, 1994; McKeown, 2009). For 
example, the most recent global burden of disease study, the worldwide distribution of NCDs 
that are preventable or manageable through lifestyle changes are overwhelmingly clustered 
within LMICs (Forouzanfar et al., 2016). The rise of NCDs in LMICs often coincides with 
declining mortality from infectious diseases (Population Reference Bureau, 2012). But this is 
not typically a transition from one discrete disease profile to another, with many LMICs 
including China and India having a ‘double disease burden’ with high rates of infectious and 
NCDs (Beaglehole et al., 2011; Bygbjerg, 2012; Ghaffar et al., 2004; Omran, 2005). 
 
The threat of infectious diseases, the harms of poverty and often poor infrastructure coupled 
with differences in cultural norms and traditions may make the availability, utilisation, and 
ultimately the potential realisation of health benefits of UGS in LMICs quite different to those 
often reported in high-income countries. Given the evidence from recent reviews of the 
literature suggesting a potential upward trend in UGS-health studies in LMICs, our aim was to 
examine what has been published in this area thus far through the means of a systematic kind 
of review called scoping review.  
2.1 Scoping review of the literature 
Although the following structured methodology is similar to a systematic review, the synthesis 
of the evidence as conducted in this chapter is termed as a systematic scoping review owing to 
a series of recent scholarly articles on the difference between a systematic review and a scoping 
review (Colquhoun et al., 2014; Munn et al., 2018; Peters et al., 2015). The scholars mainly 
highlighted the reasons and few methodological steps to distinguish the scoping review from 
the systematic literature review. For example, systematic reviews are usually aimed to answer 
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a specific clinical question based on the systematic review results to support evidence for 
ongoing practice; whereas the scoping reviews are performed with aims to summarize new 
areas of studies, study methods and characteristics. In terms of methodology, an assessment of 
the risk of bias is an integral part of the systematic review process. On the other hand, the 
assessment of the risk of bias is optional for the systematic scoping reviews. A scoping review 
is considered as complementary to the systematic review when the latter option is not adequate 
to meet certain goals (Munn et al., 2018). In addition, scoping reviews are regarded as a 
precedent for conducting a systematic review by enabling the ensuing scoping review to 
identify an appropriate number of studies to be included in the systematic review.   
 
Given this distinguishing characteristic of the aim of a review, it still remains unclear to most 
authors whether and in what circumstances an author will follow the systematic review or a 
scoping review. Especially, many of the reviews that were published as systematic review are 
subject to be reassessed whether they fulfil the criteria of being a scoping review. In 
differentiating scoping reviews with the systematic review, Munn et al (2018) highlighted a 
few key differentiating characteristics. In table 2.2 the differentiating characteristics are shown 
by highlighting what is included in this systematic review. These are not static characteristics 
and may change over time. For example, scoping reviews are not required to register with 
authority like PROSPERO but may be required in the near future once the defining 
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Table 2. 1 Defining characteristics (Munn et al., 2018) of the scoping reviews and systematic reviews and 








Following a review protocol Yes (some) Yes Yes 
Registration of the review protocol No Yes No 
Explicit, transparent, peer-reviewed search strategy Yes Yes Yes 
Standardized data extraction forms Yes Yes Yes 
Assessment of the Risk of Bias No Yes Yes 
Synthesis of findings from individual studies and the 
generation of ‘summary’ findings (e.g. meta-analysis) 
No Yes No 
 
Following this table, the literature review in this chapter should be considered something above 
‘scoping review’ as we have conducted the assessment of the risk of bias. However, we have 
decided to name this review as a systematic scoping review to avoid a potential conflict with 
the experienced scholars and editors.   
2.2 METHODOLOGY 
2.2.1 Study selection strategy 
Several combinations of main key terms ‘urban green space’ and ‘health’ and related terms 
were used to search the databases (e.g. “urban green space” OR “parks” OR “garden” OR 
“playground” OR “nature area” OR “public green space” OR “public open space” AND 
“health”). The scope of ‘health’ was guided by the WHO definition. Similar types of keywords 
were used in a systematic review (van den Berg et al., 2015) were followed in this scoping 
review. The keywords are shown in the table in table 2.3. The databases searched were 
ProQuest Central, ScienceDirect, PubMed, Web of Science and PsychINFO. Titles and 
abstracts of 4879 studies, resulted from the keyword search and after the removal of the 
duplicates were scanned. As it was challenging to include every individual country of relevance 
in the search terms except for ProQuest central and Web of Science, LMIC based studies were 
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identified through the abstract screening from the majority of the studies. LMICs are defined 
according to the UN classification of lower-middle and lower-income countries (United 
Nations Department of Economic and Social Affairs, 2017). Finally, studies were carefully 
selected based on the following criteria: 
• published in a peer-reviewed journal article  
• in the English language  
• available online  
• available as a full article 
• published between the 01/01/2000 and 31/12/2018 
• focused on some form of green space exposure and health outcome 
• based on empirical analysis 
• included assessment of UGS exposure and health condition 
• does not include interventional study  
• based in an LMICs  
 
Table 2. 2 Keywords used to search for articles from the database 
1 Health (MeSH terms) for PsychINFO and PubMed 
2 “Adolescent Health” OR “Cardiorespiratory Fitness” OR “Child Health” OR 
“Family Health” OR “Global Health” OR “Holistic Health” OR “Infant 
Health” OR “Men’s Health” OR “Mental Health” OR “Minority Health” OR 
“Physical Fitness” OR “Population Health” OR “Suburban Health” OR 
“Urban Health” OR “Public Health” OR “Reproductive Health” OR “Sexual 
Health” OR “Social Determinants of Health” OR “Women's Health” OR 
“Maternal Health” for 
3 (natural environment) OR (natural spaces) OR (nature area) 
4 (urban green space) OR greenspace OR (green space) OR (public green space) 
5 parks OR recreation* OR playground OR garden 
6 (open space) OR (public open space) 
7 1 AND 3 OR 4 OR 5 OR 6 
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Two independent researchers started the systematic search and completed the process in April 
2019. Twenty-nine (29) articles were sorted for full-text review through title and abstract 
screening after applying the inclusion criteria. The mismatches between two reviewers were 
settled through scrutinizing the eligibility criteria. After the full-text review, twelve (12) 
articles were excluded for various reasons. Five studies (Nazir et al., 2014; Razak et al., 2016; 
Rostami et al., 2015; Ujang et al., 2015; Yang et al., 2011) were excluded for having focus on 
theoretical discussions, 2 studies for intervention studies (Korn et al., 2018; Vujcic et al., 2017), 
1 study each for measuring green space at a building scale (Kooshali et al., 2015), for not 
having full text (Ji et al., 2018), being a conference paper (Nurhakim et al., 2018), being part 
of the same project and using similar variable of an included study (Gruebner et al., 2011) and 
being (Wang et al., 2017) carried out in Hong Kong. Hong Kong classified by the UN as a 
high-income country separately from China (which is classified as a low and middle-income 
country). After consultation among all four authors, the study in Hong Kong was excluded to 
maintain consistency in the application of the UN’s LMIC definition. Relevant studies were 
also looked for in the bibliography of the included studies as well as published systematic 
reviews through a process of ‘snowballing’ (Lachowycz & Jones, 2013). Two studies (Mowafi 
et al., 2012; Vujcic et al., 2016) were added as a result. Three more studies were included after 
being suggested by one of the reviewers (Chen et al., 2017; Parra et al., 2010; Ying et al., 2015). 
These studies discussed the effect of UGS on health outcome as a component of the urban built 
environment. Absence of UGS related keywords in the title could be the reason that barred 
these studies to be selected through the systematic search methods. The final sample of studies 
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Figure 2. 1: Methodological flow chart of the systematic scoping review following PRISMA guidelines 
 
2.2.2 Quality assessment  
The quality assessment tool for observational cohort and cross-sectional studies (National 
Institutes of Health, 2014) was followed to assess the included studies. The quality of the 
studies was assessed with the assistance of another reviewer. This tool consists of fourteen 
questions to be checked as YES or NO; one question for each of study objective, follow up rate 
and statistical method; four questions are related to sample population; five questions are 
related to exposure assessment, and two questions are related to outcome measures. A criterion 
was rated as positive if the answer is ‘yes’; negative if the criterion answer is ‘no’; not reported 
(NR) if the relevant information is missing; and ‘not applicable’ (NA) if the criterion is 
ProQuest 
Hit results: 1326 
PubMed 
Hit results: 1495 
 
ScienceDirect 
Hit results: 906 
 
Web of Science 
Hit results: 611 
 
4879 articles for title and 
abstract screening 
29 articles for full text 
review 
12 articles are excluded 
5 for theoretical discussion 
2 for intervention studies 
1 for green space measure at building scale 
1 on the country context (e.g. Hong Kong) 
1 for not having full text 
1 for being conference paper 




5 articles included from 
snowballing and suggestions 
PsycINFO 
Hit results: 688 
 
Removal of duplication  
Inclusion criteria applied 
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irrelevant to the study design. All ‘yes’ responses were scored as 1; ‘NA’ is excluded from the 
denominator during the calculation of score, all other responses get 0. A summary of the quality 
score was calculated by the percentage of the sum of positive items out of the total applicable 
items. Studies were ranked according to the total score. The scoring method was borrowed 
from two studies (Dzhambov et al., 2014; van den Berg et al., 2015). Two studies used different 
quality assessment tools but followed the same method to calculate the quality score. In this 
scoping review, the cut-off value used by (Dzhambov, A. M. & Dimitrova, D. D., 2014) was 
followed for purposes of ranking by quality. Accordingly, the high-quality studies scored 
between 100–80%; moderate-quality scored between 79–60%; and low-quality studies scored 
between <60%. 
 
The inter-rater agreement in quality scores between the two reviewers was 84%, measured by 
Pearson’s correlation coefficient value. This is a fair agreement given the difference in the 
subjective judgement as pertinent to the clauses of the quality assessment tool. The assessment 
of quality using the tool is shown in appendix IV. Sixteen (16) studies scored above or equal 
to 50, which meant that most of the studies had adequate information to calculate a quality 
score. Though other researchers (van den Berg et al., 2015) did not count the poor quality 
studies for further discussion, we have reviewed all the studies considering the importance of 
every single study as a contribution to the emerging stock of knowledge on green space and 
health in LMICs.  
2.3 RESULTS 
 
Key characteristics and the quality of the included studies are shown in table 2.4. The 
characteristics include year and country in which the study was undertaken, the measurement 
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of green space, sample size and response rate, exposure and outcome variables, confounder 
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Table 2. 3 Key characteristics and quality of the selected study 
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Table 2.4 (contd.): Key characteristics and quality of the selected study 
Dzhambov, 
A. M. D., 
Donka 
Dimitrova 
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Table 2.4 (contd.): Key characteristics and quality of the selected study 
Liu, H. X. L., 
F.; Li, J. Y.; 
Zhang, Y. Y. 





road distance to 
nearest park, 
number of 
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Table 2.4 (contd.): Key characteristics and quality of the selected study 
Wang, X. X. 
R., S.; Wu, C. 
Z.; Chen, Y.; 
Li, Y. X. 
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Table 2.4 (contd.): Key characteristics and quality of the selected study 
Mukherjee, 
D. S., S.; 
Tayyab, M.; 
Shivashankar, 
R.; Patel, S. 
A.; 
Narayanan, 
G.; Ajay, V. 






2017 India Objective 
measures: 
distance of the 
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Table 2.4 (contd.): Key characteristics and quality of the selected study 
Akpinar, A. 2016 Turkey Subjective 
measures: 
Time spent 
(break own of 
15 min), 
distance to 



















observational 420 green 
space users 
Stress Positive  Poor 
Akpinar, A. 2017 Turkey Subjective 
measure: Time 
spent (break 




















positive  Poor 










marital status,  
Cross-sectional, 
descriptive 
101 visitors to 
three parks 
and one health 
center 
Not reported Expected  Poor 
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2012 Egypt Objective 
measures: 
Percentage of 
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Physical health: 



















1823 M; 1723 
F (69.9% 
response rate) 
Not reported Unexpected  Moderate 
Chen, H.; 
Liu, Y. et al 
2017 China Subjective: 
self-reported 
shortage of 
green space in 





















Not reported Positive  Poor 
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Table 2.4 (contd.): Key characteristics and quality of the selected study 
Massa, K. H.; 
Pabayo, R.; et 
al 
2016 Brazil Objective: 
Green space 
per inhabitant 











Cross-sectional 1333 (60 years 










2010 Columbia Subjective- 
Safety of parks, 







a buffer (500 
m) 
Health related 
Quality of Life 
(HRQOL) , 
assessed using the 
validated Spanish 






SES, time of 
residence and 
social support 









Positive  Moderate 
Ying, Z.; 
Ning, L.D.; et 
al 
2015 China Objective: 
Distance to 
near parkland, 














effect of green 
space-BMI) 
Positive  Moderate 
Shahzad, L. 
et al 
2017 Pakistan Subjective: 
perceived 
accessibility 






None Cross-sectional 200 (park 
visitors) 
None reported Positive  Poor 
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Table 2.4 (contd.): Key characteristics and quality of the selected study 
Gruebner, O. 
et al 
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 2.3.1 Description of the studies 
2.3.1.1 Geographical under-representation  
 
Out of 125 LMICs listed by the United Nations, studies from only 11 countries (Figure 2.2) 
were found.  The highest number (6) of studies came from China. Three (3) studies came from 
the Columbia; 2 studies came from each of Bulgaria, Malaysia, Serbia and Turkey; and one 
study from Bangladesh, Brazil, Egypt, India and Pakistan each. No study from the African 
continent was found. All of these studies were conducted in quite recent times (figure 2.3). The 
earliest study was published in 2010 in Colombia.  
 
 
Figure 2. 2: Map of LMIC countries (shaded) and marking of the countries that were covered in the 
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Figure 2. 3: Growing number of studies investigating the health benefits of UGS in the LMICs 
 
2.3.1.2 Study design 
 
Almost all of the studies are observational in nature and designed mainly as cross-sectional, 
such as exposure and outcome variables were measured in the same time period. Twenty-one 
studies were conducted among the adult population including three studies focused on only 
elderly population (Massa et al., 2016; Parra et al., 2010; Ying et al., 2015), and one study 
focused on children from 0-18 years (Akpinar, 2017); the population in the informal settlement 
was the sample in one study (Gruebner et al., 2012). Nine (out of 22) studies used large samples 
of over 1000 participants. The highest sample size was 3546 in Egypt (Mowafi et al., 2012) 
and the lowest sample size was 140 which included only university student (Wang et al., 2016) 
2.3.2 Measures of UGS exposure 
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Thirteen studies used only subjective measures of UGS exposure (Akpinar, 2016; 2017; Dong 
& Qin, 2017; Dzhambov, A.M.  & Dimitrova, D.D., 2014; Mansor et al., 2015; Scopelliti et 
al., 2016; Vujcic et al., 2016; Vujcic et al., 2018; Wang et al., 2016). Three of the studies (Chen 
et al., 2017; Dzhambov et al., 2018; Liu et al., 2017; Parra et al., 2010) used both subjective 
and objective measures. The most commonly used subjective measures were the frequency and 
duration of green space usages. These measures were  used in eight studies (Akpinar, 2016; 
2017; Camargo et al., 2017; Dzhambov et al., 2018; Liu et al., 2017; Mansor et al., 2015; 
Scopelliti et al., 2016; Vujcic et al., 2016), perceived UGS quality was measured in seven 
studies (Akpinar, 2016; Camargo et al., 2017; Dzhambov et al., 2018; Liu et al., 2017; Mansor 
et al., 2012; Parra et al., 2010; Shahzad et al., 2017), and self-reported distance to the nearest 
green used in six studies (Akpinar, 2016; 2017; Camargo et al., 2017; Dzhambov et al., 2018; 
Liu et al., 2017; Scopelliti et al., 2016). Only one study included perceived quantity of UGS to 
measure the impact on the subjective health outcome (Chen et al., 2017). Categories of buffer 
distances were used when UGS exposure was measured subjectively. For example, the duration 
was broken into 15 min (Akpinar, 2016; 2017) 30 min (Dzhambov et al., 2018; Vujcic et al., 
2016) intervals in few of the studies that were looking for subjective responses on the time 
spent in UGS, perceived distance to nearest parks was broken down in 100 meter intervals in 
two studies (Akpinar, 2016; 2017).  
2.3.2.2 Objective measures 
 
Generally, spatial metrics were used to measure UGS exposure objectively by using geographic 
information system (GIS) and remote sensing (RS) techniques. Six studies used only objective 
green space metrics (Gruebner et al., 2012; Massa et al., 2016; Mowafi et al., 2012; Mukherjee 
et al., 2017; Ying et al., 2015; Zhang et al., 2018). Among the studies that used different forms 
of objective measures, the straight line distance (Dzhambov et al., 2018; Gruebner et al., 2012; 
Liu et al., 2017; Mukherjee et al., 2017; Ying et al., 2015) and the number of green spaces 
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within a buffer distance (Dzhambov et al., 2018; Gruebner et al., 2012; Liu et al., 2017; Mowafi 
et al., 2012; Mukherjee et al., 2017; Parra et al., 2010)  were found in maximum number of 
studies. The density of UGS was measured by pixel-based satellite imagery (Dzhambov et al., 
2018; Gruebner et al., 2012; Zhang et al., 2018) as well as vector-based GIS data (Liu et al., 
2017; Mowafi et al., 2012; Mukherjee et al., 2017; Parra et al., 2010; Ying et al., 2015). Similar 
to the subjective measures, different ranges of buffer distances were used to in the case of 
objective UGS exposure also, starting from 50 meters (Dzhambov et al., 2018) to 1500 meters 
(Liu et al., 2017). Most common was 100 meters (Dzhambov et al., 2018; Gruebner et al., 
2012), 500 meters (Dzhambov et al., 2018; Liu et al., 2017), 1000 meters (Dzhambov et al., 
2018; Mukherjee et al., 2017) of buffer distance from the residential location. Only one study 
measured green space area per capita (Massa et al., 2016).  
2.3.3 Associations and pathways between UGS measures and health outcomes  
 
Majority of the studies (12/22) investigated the effect of UGS exposure on mental health and 
wellbeing. Five studies measured physical health outcomes of which four studies measured 
among the older adults (Massa et al., 2016; Mowafi et al., 2012; Ying et al., 2015; Zhang et al., 
2018), and one study among the children (Akpinar, 2017).  Other health outcomes include self-
perceived general health (Akpinar, 2016; 2017; Chen et al., 2017; Mansor et al., 2015; Vujcic 
et al., 2016; Ying et al., 2015) which included questions on both mental and physical health, 
quality of life that had also both physical and mental dimensions (Camargo et al., 2017; Parra 
et al., 2010). The level of association between health outcomes and green spaces varies by how 
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2.3.3.1 Mental health and wellbeing  
 
Seven out of twelve studies used a variety of validated scales to measure mental health and 
wellbeing outcomes. Other than the World Health Organization (WHO)’s five wellbeing index 
scale (WHO-5), which was used in two studies (Gruebner et al., 2012; Zhang et al., 2018), no 
other scales were used in multiple studies. The validated scales are: the 12-item general health 
questionnaire (GHQ-12) (Dzhambov et al., 2018), 14-item short health anxiety inventory 
(SHAI) (Dzhambov, A.M.  & Dimitrova, D.D., 2014), Mini International Neuropsychiatric 
Interview (MINI) (Mukherjee et al., 2017), adapted version of Warwick Edinburgh Wellbeing 
scale (Dong & Qin, 2017), physical and psychological wellbeing scale (Scopelliti et al., 2016). 
Other researchers used self-reported mental health status (Liu et al., 2017; Mansor et al., 2012; 
Shahzad et al., 2017; Vujcic et al., 2018; Wang et al., 2016).  
 
Studies that investigated mental health and wellbeing outcome reported stronger positive 
associations with UGS when subjective measures were used. While the association of 
objectively measured UGS was not as strong as subjective measures with the health outcomes, 
one study showed the negative association between objective vegetation coverage and mental 
wellbeing (Gruebner et al., 2012). In investigating what might connect positive mental health 
and wellbeing outcome with UGS exposure, most of the studies considered physical activities 
(PA) as potential pathways. Although several studies reported a serial relation between UGS 
and PA, and between PA and health (Akpinar, 2016; 2017; Mansor et al., 2015; Mansor et al., 
2012),  three studies (Dzhambov et al., 2018; Liu et al., 2017; Zhang et al., 2018) found a 
statistically significant mediating role of physical activity on the positive association between 
UGS and mental health outcomes. In contrast, four other studies (Mukherjee et al., 2017; Parra 
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Other pathways that were considered and investigated between UGS exposure and mental 
health included perceived restorativeness (Dzhambov et al., 2018; Scopelliti et al., 2016; Wang 
et al., 2016) and stress reduction (Akpinar, 2016; Mukherjee et al., 2017). Perceived restorative 
quality was associated with only objectively measured UGS (Dzhambov et al., 2018). In 
addition, social cohesion was strongly preceded by restorative quality when serial mediation 
was analyzed (Dzhambov et al., 2018).  
 
Socialization was also considered as a potential pathway to mental health in a few studies 
(Dzhambov et al., 2018; Dzhambov, A.M.  & Dimitrova, D.D., 2014; Liu et al., 2017). Among 
these studies, only Dzhambov et al. (2018) found evidence of a direct association with 
subjective UGS measures and indirect association with objective measures (through the 
antecedent effect of perceived restorative on socialization).  
 
The pathways reported above were considered in multiple studies included in this review. Apart 
from those, there are some other pathways which were considered in a single study. These 
included traffic noise annoyance and perceived air quality (Dzhambov et al., 2018). Although 
air pollution was found to be a mediator of poor health, use of traffic annoyance in parallel and 
serial mediation models diluted the single mediating effect of air pollution. Psychological 
processes (measured by five different scales) were found as a significant mediator of wellbeing 
in the study set in Columbia (Scopelliti et al., 2016).  
2.3.3.2 Physical health and wellbeing 
 
In terms of physical health, body mass index (BMI) and weight status were studied in a 
maximum of three studies (Akpinar, 2017; Mowafi et al., 2012; Ying et al., 2015) and one 
study each investigated cardiovascular (CVD) morbidity (Massa et al., 2016), self-reported 
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physical health by using selected questions of 36 medical outcome study tool (MOS-36) (Zhang 
et al., 2018), and physical wellbeing by a validated tool (Scopelliti et al., 2016). Both of the 
exposure and outcome variables were measured objectively in the two studies (Mowafi et al., 
2012; Ying et al., 2015) and subjectively in one study (Akpinar, 2017). Subjective assessment 
was used to assess CVD morbidity and physical health in general. A direct positive association 
between the distance to UGS and the BMI (Ying et al., 2015) and an indirect positive 
association with the self-reported physical health (Zhang et al., 2018) were reported. In the 
latter study, PA was found to be a mediator. In the study that was based in Egypt, people 
surrounded by diverse types of UGS were reported to have less BMI than a people living with 
no green spaces (Mowafi et al., 2012). In addition to these six studies, physical health status 
was measured as part of the perceived general health in a Turkish study (Akpinar, 2016), which 
found association with the larger UGS. 
2.3.3.3 Self-perceived general health 
 
Studies that included self-reported general health and health conditions fall in this category. 
Consequently, studies that investigated self-reported physical/mental health and wellbeing 
were not included in this section. Among the five studies investigated self-reported general 
health as an outcome, only one study assessed UGS objectively (Ying et al., 2015).  This study 
found a positive association between the size of UGS and the health outcome. UGS was found 
as an important determinant of health which was moderated by the PA in a Chinese study (Chen 
et al., 2017). Like the study conducted on Turkish adult as reported in the mental health and 
wellbeing section (Akpinar, 2016), another study by the same researcher found a similar 
triangle relationship between UGS, PA and health among the children (Akpinar, 2017). Two 
of the five studies (Mansor et al., 2015; Vujcic et al., 2016) were poorly designed, i.e. no 
 
 
61 | P a g e  
 
inferential statistics were used, and therefore, the subjective disposition about UGS might have 
influenced the perceived health outcome. 
2.3.3.4 Quality of life (QOL) 
 
Two studies assessing the quality of life (Camargo et al., 2017; Parra et al., 2010) were both 
from Columbia. The first study used a subjective assessment of health-related QOL by using 
the Spanish version of short form-8 (SF-8) and measured UGS both subjectively and 
objectively. The second study used a shorter version of the World Health Organization Quality 
of Life Instrument WHOQOL called 8-item EUROHIS-QOL for assessing QOL as well as a 
subjective assessment of UGS exposure. Both studies reported the positive effect of UGS on 
QOL on certain conditions, such as safety of the park, having a company, high-quality trees. 
2.3.3.5 Confounding and effect modifiers  
 
One of the criteria for determining the quality of the studies was whether the associations were 
adjusted for the potential confounders. 14 studies out of 22 studies measured and adjusted for 
potential confounding. Two studies (Dzhambov, A.M.  & Dimitrova, D.D., 2014; Vujcic et al., 
2016) measured potential confounders but did not adjust for them in the analysis. Four studies 
did not attempt to measure confounding variables (Mansor et al., 2015; Qin et al., 2013; 
Shahzad et al., 2017; Vujcic et al., 2018).  
 
Some studies found evidence of effect modification of socioeconomic circumstances on the 
access to UGS (Akpinar, 2017; Mukherjee et al., 2017) and PA (Liu et al., 2017). These studies 
consistently indicated that socioeconomically advantaged communities benefited more from 
UGS. However, perceived restorativeness was found to be higher among lower-income groups 
in terms of mental and physical health outcomes (Scopelliti et al., 2016).   
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SUMMARY OF FINDINGS 
 
In the first chapter, we identified an important gap in the evidence of the health benefits of 
UGS from the LMIC contexts. To address the gap, a systematic scoping review was conducted 
and reported in this section. This scoping review of UGS and health in LMICs found an 
encouraging growth in published evidence in recent years. This scoping review may pave a 
further way for developing systematic review in future. In our scoping review, we found the 
evidence from the LMICs is largely based on cross-sectional studies considered to be low to 
moderate in quality. Longitudinal studies that include objective measures of UGS, and 
subjective measures where appropriate, will help to advance the quality of the evidence 
accumulated thus far. Furthermore, investigations within a greater number of LMICs using 
consistent measures would be useful not only to widen the scope of the evidence available but 
also to afford potential international comparisons within a range of socioeconomic and cultural 
contexts.  
 
The systematic scoping review found fewer types and numbers of health aspects were studied 
in the LMIC contexts to associate with UGS measures compared to those studied in the HIC 
contexts (e.g. obesity, cardiovascular diseases, pregnancy and childbirth, diabetes). Despite the 
low number of evidence, it is still important to discuss the extent by which the UGS-health 
relationship agrees and disagrees between HICs and LMICs contexts. 
 
Except only one study that was conducted on the population informal settlements (Gruebner et 
al., 2012), our systematic scoping review found a consistently positive relation between UGS 
and mental health, wellbeing and quality of life whereas the findings are not consistent in the 
studies that were conducted in the HICs (Gascon et al., 2015; James et al., 2015). Especially, 
Gascon et al. (2015) found limited evidence to generalize the causal relationship between UGS 
 
 
63 | P a g e  
 
and mental health benefits in the systematic review. Alike the mental health status, our 
systematic scoping review found positive associations between UGS and self-perceived health 
conditions in all of the five included studies. However, the evidence from the HICs is not 
consistent as reported by van den Berg et al (2015). Based on the above discussions, it can be 
claimed that UGSs have positive effects on the mental and self-perceived health in the LMICs, 
but may not for the marginalized population.  
 
In contrast, a similarity was found between HICs and LMICs in regards to the association 
between UGS and physical health, especially weight status. At least two systematic reviews 
(Kabisch et al., 2017; Lachowycz & Jones, 2011) unequivocally referred to the inconsistent 
evidence on the association between UGS and weight status based on the studies conducted in 
HICs. Rather Lachowycz & Jones (2011) found about 20 (out of 60 studies) that showed either 
negative association or no association between UGS and weight status. On the other hand, 
positive findings were found in a more consistent manner for children than adults (Kabisch et 
al., 2017) in HICs. In our systematic scoping review, however, no effect of UGS was found on 
the parent-reported physical health of the children (Akpinar, 2017) as well as objectively 
measured physical health of adult (Mowafi et al., 2012). Out of five studies investigated 
physical health outcomes in our systematic scoping review, the positive and protective effect 
of UGS was found in two studies (Massa et al., 2016; Ying et al., 2015). Especially the effect 
of UGS on cardiovascular (CVD) morbidity in the LMIC context (Massa et al., 2016) match 
with those found in the HIC contexts (James et al., 2015).  Thus, even within the limited studies 
in our systematic scoping review, the evidence on the effect of UGS in the physical health 
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Building our knowledge of how UGS may (or in some cases, may not) be beneficial for health 
in LMICs, especially within the context of rapid urbanisation, is essential to develop our 
collective understandings of how UGS can be a good avenue for the advancement of population 
health and wellbeing. In that regard, it is important to understand how equitably the UGSs are 
distributed in the city by quantity and quality. The subsequent chapters unfolding the story on 
the distribution of UGS quantity and quality in relation to the promotion of social and active 
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CHAPTER THREE: RESEARCH METHODOLOGY AND PROCESS 
 
Research is defined as the systematic study of a problem by choosing an approach of 
formulating research hypotheses, selecting data collection methods and techniques, processing, 
organizing, and analyzing data to interpret the findings either in terms of the solution of a 
problem or further generalization of an established theory (Kothari, 2004, p.2). This section 
highlights how the methodology of the PhD research is framed to answer the research questions 
through designing and approaching an interlinked research process.  
  
3.1 RESEARCH DESIGN AND METHODOLOGIES 
The research design and methodologies used to investigate the inequitable distribution of urban 
green space (UGS) quantity and the association between the quality of UGS and outdoor 
recreation among seniors was informed by the socio-ecological model. The socio-ecological 
model (Friedman & Wachs, 1999) has been widely applied in research on the impact of the 
built environment on physical activity because of its appeal to holistic population-level 
approaches for promotion of better health that take into account how place structures 
behavioural choices (Sallis et al., 2015). The socio-ecological model provides a framework to 
aid comprehension of underlying socioeconomic and demographic factors as well as the 
interplay between personal and environmental factors that might affect health behaviour, such 
as whether people feel safe to walk outside and whether there are attractive features of the local 
environment that people may be motivated to walk to.  
 
The US Centres for Disease Control and Prevention (US CDC) utilise a four-level version of 
the socio-ecological model that nests the individual within the context of their relationships 
(e.g. family and peer groups), their communities (e.g. neighbours and neighbourhoods, schools, 
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community centres, built environment and social hubs), and their societies (e.g. cultural, social 
and economic norms, laws and policies)1. Accordingly, for this PhD thesis, a key emphasis of 
the socio-ecological model is that to understand how inequitable distributions of resources (e.g. 
urban parks) may create inequitable distributions on health-related behaviour and health 
outcomes (sometimes referred to as environmental injustice (Jennings et al., 2012)). It is 
important to take a wider view as possible as there may be different results found in different 
societies (level 4 in the US CDC version of the socio-ecological model).  
 
The socio-ecological model has clear application to the research questions specified in this PhD 
thesis. An adapted version of the US CDC socio-ecological model is shown in Figure 3.1 below 
(CDC, 2015). This figure acknowledges that social and active ageing within local communities 
may not only be influenced by the supply of more and better quality UGS, but also that these 
associations may be contingent upon socioeconomic factors that typically manifest at the 
neighbourhood scale, as well differences between and within countries due to variations in 
social, economic and cultural norms and policies (e.g. differences in urban planning policies).  
 
Previous research that has investigated similar research questions in HICs has tended to be 
observational (e.g. Cohen et al., 2007). Although there have been some ‘natural experiments’ 
(e.g. Cohen et al., 2012; Veitch et al., 2012), these are very rare because they tend to rely upon 
fortunate timing of changes in environmental conditions that are beyond the control of the 
researchers who just so happen to have the resources to conduct a study (Sallis et al., 2012). 
Experimental studies are even rarer, though recent work by the Nobel Laureate, Professor 
Angus Deaton, has suggested that experiments ought to be considered as a plan B if sufficient 
control for confounding cannot be made in an observational design (Deaton & Cartwright, 
 
1 https://www.cdc.gov/violenceprevention/publichealthissue/social-ecologicalmodel.html  
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2018). This is partly due to the significant challenges of conducting robust experimental studies 
with double-blinding of participants and investigators, the resources required to deliver 
uncontaminated interventions at scale and within a specified window of opportunity, and then 
the successful following-up of participants other time which is subject to attrition. For these 
reasons (amongst others), previous research has tended to be observational and cross-sectional 
in design, especially in cases where there has been little prior work. As my PhD research is 
among the first to investigate UGS quantity, quality and outdoor recreation among seniors in 
multiple countries within a relatively short period of time, it too is an observational and cross-












Figure 3. 1: A modified version of the socio-ecological model used in this research 
3.1.1 Observational method of research 
 
The “Observational method of research involves collecting information using the senses of 
researchers, especially by looking and listening, in a systematic and purposeful way to learn 
about a phenomenon of interest.” (Given, 2008, p.573). There are two kinds of observation 
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which produces quantitative data; and ‘participants observation’ which produces qualitative 
data.  
 
A systematic observational method is espoused to collect quantitative information of the UGS 
quality and the activities of users in addressing core research questions in this PhD. In 
epidemiological observational studies, researchers observe the research subjects in a non-
controlled environment. For example, this PhD aimed to audit the social and physical activities 
of the ageing population in the neighbourhood green spaces without making any interference. 
Observational studies are again four types (Mann, 2003; Munnangi & Boktor, 2018; Pearce, 
2012): cohort, case-control, cross-sectional and ecological.  In this study, the ecological model 
was used.  
3.1.2 Cross-sectional study 
 
Cross-sectional studies use observational data that is measured at a certain point of time. These 
studies can be used to test associations and provide insights into what may be potentially causal 
relationships (Mann, 2003). It is important to acknowledge at the outset that while using data 
measured at a single point in time has many advantages in comparison to more complicated 
and resource-intensive longitudinal studies, a major drawback is that it is very difficult to 
deduce the temporality of some potentially causal relationships. In studies of neighbourhood 
effects on health, for example, a researcher using a cross-sectional study generally will not be 
able to separate out the potential impact of a better quality neighbourhood on a health outcome 
from the effect of a healthier person moving into a better quality neighbourhood (Galster, 
2008). Only by using longitudinal data can a researcher hope to disentangle a potentially causal 
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In the context of my PhD, cross-sectional data is the foundation upon which I investigate the 
potential links between UGS quantity and socioeconomic and ageing circumstances in multiple 
contexts and, secondly, assess the patterning of different forms of outdoor recreation among 
seniors in relation to the different qualities of the UGS in which those social and active 
behaviours were taking place. I, therefore, acknowledge that the cross-sectional data used can 
help to provide novel insights into whether more affluent neighbourhoods always tend to have 
more green space or if the correlation between UGS quantity and area-level socioeconomic 
circumstances differs by societal context. These will be correlational analyses that may 
indicate, but cannot confirm, a causal relationship. Likewise, in using cross-sectional data to 
explore whether better quality parks are always more popular for outdoor social and active 
recreation among seniors, the findings may be indicative of a potentially causal relationship 
but cannot confirm it to be so. Instead, these studies will provide the basis for the resourcing 
of future longitudinal studies and natural experiments capable of making causal inferences 
(Hill, 1962). 
 
With these major strengths and limitations of cross-sectional data acknowledged, I will now 
specify how the cross-sectional data used in this PhD research was obtained. 
3.1.3 Objective auditing  
 
To fill the aim of conducting a cross-national comparative study of UGS quality and associated 
usage pattern, a critical step of the methodology is the collection of data. Most of the tools that 
are used to assess the quality of UGS adopted questionnaire, interview and focus group-based 
data collection system (Hunter & Luck, 2015; McCormack et al., 2010). Similarly, activities 
of park users are also mostly assessed by self-report of the users  (McKenzie et al., 2006). 
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Although these assessment tools are important to capture perceptions and psychology of the 
users, auditing the quality of UGS characteristics and usage pattern objectively have direct 
policy implications in promoting UGS for active usage (Floyd et al., 2008; van Dillen et al., 
2012). In addition, subjective questionnaire and self-report based study designs are criticized 
for being time-consuming, costly, loss of information, lack of objectivity (Jones et al., 2013; 
Kelley et al., 2003; Misro et al., 2014).  Therefore, objective UGS auditing tools were chosen 
in this study to simultaneously collect UGS quality and utilisation data, mainly to optimize 
time and other resources making the way for an international case study as efficient and optimal 
as possible. Moreover, it is possible to expand a broader understanding of physical 
characteristics of the neighbourhood green spaces as well as to recognize the outdoor activity 
behaviour of the elderly adult with respect to between and within the case city contexts through 
direct auditing. This would not be possible through a questionnaire or interviews, which 
however could be used to answer a different set of questions.  
 
Table 3.1 shows the major research tasks associated with the research questions, data sources, 
the method of data analysis and sample size:  
Table 3. 1: Major tasks, data source, method of analysis and sample size of this PhD research 
Research 
questions 
Major tasks Data source Methods of 
completing the task  
Study extent and 
unit 
Q.1 What does 
current evidence 
say about health 
benefits of UGS 











Five databases  
Q.2 Is there 
socioeconomic 
inequity in the 
availability of UGS 






















































Q.3 Do the quality 
features of UGS 
that promote social 
and active ageing 




1. Selection of 
sample UGS 
Official sources as 
stated in the 
previous section 
GIS 
2. Selection of 




Literature review 3. Development of auditing tools 
4. On field data 
collection 
5. Data 








space quality and 
level of activities 
vary internationally 




Auditing data IAA analysis, statistical modelling 
2. Data analysis 
Q.5 What 
recommendations 
can be made for 
urban planners to 
target investments 
in green spaces for 
the promotion of 
social and active 
ageing? 
 
1. Analysis of 
research findings 
Results of previous 
analysis 
Comparison of 
results with existing 
studies and 
explanation of the 
similar and 
contrasting results  Independent of 
spatial scales 






3. Formulation of 
recommendations 
Footnote: 
UGS: Urban green space; URA: Urban Redevelopment Authority; NParks: National Parks Board; BBS: 
Bangladesh Bureau of Statistics; RAJUK: Capital Improvement Authority (Bangladesh); GIS: Geographic 
Information System; NDVI: Normalized Difference Vegetation Index; IAA: Inter-Auditor Agreement; UCL: 
Urban Center and Locality; SA2: Statistical Area 2 
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3.2 RESEARCH PROCESS AND DEFINING SCOPE OF ‘AGEING’ 
 
 
As the main focus of this research is on the ‘ageing population’, a unique formula to define this 
population ought to be the first step of the research process. The ‘ageing’ is understood as a  
socio-demographic process than a condition in this research, though biological marker 
(Leonardi et al., 2014; Peel et al., 2004) is common to define the age of an individual. By 
ageing population, we aimed to focus on the proportion of the population who are at their older 
ages and going towards elderly phase of life. However, the formulation of a unique definition 
of ‘ageing population’ does not deem to be practical mainly due to differences in the 
demographic pattern in the three case cities being considered in this study, i.e. Sydney, 
Singapore and Dhaka (Bangladesh). There are conspicuous variations in the age profile as well 
as the life expectancy of the population in these three cities. Moreover, there is not a database 
that systematically and consistendly reported the data on outdoor recreations or other health 
related activities for the age-groups to be defined as the ageing population across the these 
cities, especially at the smallest area level. To address these limitations, rather a subjective 
approach was taken to define the ageing population in the analysis with respect to the available 
demographic and mortality data. Accordingly, different cut-off values were used to define 
proportion of the ageing population in the three cities. For example, % of 55 years old and 
above in Sydney and Singapore and 50 years old and above in Dhaka. 
 
As most of the research, this research was also started with an extensive review of the literature 
on the benefits of urban green spaces and their connection with the social and active ageing.   
In addition, a review of global health and demographic data was carried out to understand the 
demographic and epidemiological transitions in both HICs and LMICs. This review process 
enabled identifying and articulating research gaps.  These research gaps helped to formulate 
research questions, objectives, selection of case cities, the design of research methods and 
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development of required tools. A systematic scoping review of the literature was further carried 
out to support one of the research gaps.  
 
A multidisciplinary research process was followed in this research. The inequitable distribution 
of UGS was analyzed under the social epidemiology and geographical science principles 
whereas the planning and design recommendations of the UGS for supporting social and active 
ageing were developed within urban planning domains. The inequitable distribution was 
measured by the availability and accessibility of UGS at the ecological level. Throughout the 
research, GIS was used as a supporting tool to compute and analyze data as well as select 
sample UGS sites for conducting on-field auditing. The research followed quantitative 
techniques of data collection, validation and analysis. Data was objectively collected through 
direct UGS auditing tools; separately for UGS use behaviour of the ageing population as well 
as the quality features of the UGS. To validate the audited data, inter-auditor agreement (IAA) 
analysis between data collected by two independent auditors was carried out.  
 
The core analysis comprises three parts that are implied in three research questions. Firstly, the 
socioeconomic inequity of UGS availability and accessibility in relation to the ageing 
circumstances was carried out in three internationally diverse cities by using secondary data 
and GIS tools. Secondly, inequity of the UGS quality was carried out between and within cities 
by using primary data collected through on-field direct auditing. Finally, the association 
between UGS quality and level of ageing activities were analyzed and compared between cities 
by considering the circumstances of the ageing population.   
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• Developing a research topic and selection of case cities through discussion with the 
research supervisors and literature review. 
• Sourcing UGS and census data in the three case cities 
• Development of socioeconomic indices and conducting the analysis of green space 
distributions to confer about variability within the case cities 
• Development of direct UGS quality auditing tool through literature review and pilot 
auditing 
• Development and official review and approval (including ethics review) of the research 
proposal comprising of research questions, objectives and methodology, and 
preliminary findings.  
• Selection of sample UGS sites in three cities through stratified random sampling. 
• On-field auditing of the sample UGS respectively in Sydney, Singapore and Dhaka to 
collect primary data on the UGS quality and level of activities. 
• Cleaning, validating and organizing data by age group, types and level of activities. 
• Development of a scoring framework and computation of quality score for each of the 
sample UGS audited.  
• Carrying out statistical analyses as per the research questions, discuss with supervisors 
about the results and writing up in thesis chapters.  
• Formulation of policy recommendations from the findings and a review of national and 
international policy documents.  
 
The whole research process can be schematically shown in figure 3.2. In the following sections 
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Figure 3. 2: Schematic Layout of this PhD research process 
Developing research topic and 
selection of case cities 
Discussion with research 
supervisor and literature 
review 
Sourcing secondary data 
on UGS and SES 
variables 
Finalizing & official review of 
research proposal  
GIS analysis and mapping of 
inequitable UGS distribution 
Development of direct 
auditing tool and piloting 
Development of SES index in 
Dhaka and Singapore 
Stratified random sampling of 
UGS in three cities 
Training co-auditors 
Systematic review of literature 
Auditing green space 
use behaviour 














Data validation and organization in STATA 
Research question #3 
Research question #4 
Research question #5 
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3.2.1 Collection and mapping of UGS data 
Before collecting data, the scope of UGS was determined through its definition as set out in 
the introduction section of this thesis. As per the definition, a spatial data layer in each of the 
cities that matches within our definition of UGS were collected and mapped.  The UGS data 
are collected in a GIS compatible format (e.g. ESRI shapefile) for each city through verified 
sources. This data is now explained below. 
 
Sydney: For Sydney, UGS data was extracted from the ‘meshblock’ land-cover classification 
obtained from the Australian Burea of Statistics, which creates the Australian Statistical 
Geography Standard data in which the Mesh Block is the smallest set of geographic boundaries 
available (Australian Bureau of Statistics, 2016). This data contains ‘parkland’ including local 
parks, reserves, golf courses and urban forests. It does not contain private backyards or 
agricultural green spaces. 
 
Singapore: UGS data in Singapore was collected from multiple sources. Firstly, the national 
parks board of Singapore (NParks) volunteered to provide GIS data on parks and UGSs within 
Singapore. Although NParks administered green spaces are well maintained and publicly 
accessible, the data provided seemed to be a conservative estimate of the UGS in Singapore as 
understood by overlaying a Google Earth image. Neighbourhood pocket parks and green spaces 
within the public housing blocks are not maintained by NParks, so these do not appear in the 
data (this drawback also applies to the Australian Bureau of Statistics Mesh Block data in 
Sydney).  
 
Secondly, a normalized difference vegetation index (NDVI) analysis of Landsat 8 multispectral 
image (U.S. Geological Survey, 2013) was carried out to obtain an optimistic estimation of 
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UGS in Singapore. The problem with NDVI was the unavailability of ‘cloud free’ imagery in 
recent years and therefore, it was difficult to get data of the whole study area. Moreover, the 
use of NDVI for UGS may give bias result as the tree canopy overestimates the share of urban 
green spaces. Finally, the UGS layer was developed by combining NParks data and the 
Singapore master plan 2014  (Urban Redevelopment Authority, 2014). The Singapore master 
plan database was received upon inquiry and at the free of cost from the Urban Redevelopment 
Authority (URA). This database included existing land use layers from which UGS were 
separated and merged with the NParks database in a GIS.  
 
Dhaka: For Dhaka, UGS database were collected from the capital development authority 
(RAJUK). The green space database was prepared by the authority as part of the ongoing 
structure plan for the megacity (Capital Development Authority of Bangladesh, 2016). Apart 
from the parks and playgrounds maintained by Dhaka city corporations, this database included 
‘transitional’ green spaces too. Transitional green spaces are those open spaces at the outskirts 
of the city, the characteristics of which change seasonally throughout the year (e.g. Ashulia). 
These UGSs are a source of low-cost recreation for many people but vulnerable to haphazard 
urban expansion. These data are mapped using ArcGIS® on a similar scale in which 
socioeconomic profiles were developed.  
 


























Figure 3. 3: Urban green space data (parklands) in Sydney defined by the urban centre and locality boundary 
 
 


















Figure 3. 4: Map of urban green space (UGS) in Singapore defined by the mainland (exlcuing small islands)
 
 


































81 | P a g e  
 
3.2.2 Preparation and mapping of socioeconomic profile 
 
A socioeconomic index is an ‘ecological based’ measure to classify smaller areas (defined as 
the neighbourhood) by assigning average socioeconomic characteristics so that a high level of 
homogeneity is attributed to the population. Despite the problem of ‘ecological fallacy’, the 
use of area-level socioeconomic index (e.g. Townsend deprivation index, Carstairs index) was 
preferred and started to evolve in the UK (Carstairs, 1995; Jarman et al., 1991) and USA (Singh, 
2003) back in the 1970s to measure health inequality (Borrell et al., 2005; Younsi & Chakroun, 
2018).  This was partly due to the increasing appreciation of the major importance of the 
socioeconomic gradient for health (Wilkinson & Marmot, 2003) and also the challenge of 
obtaining robust socioeconomic data from individuals. For example, the UK Census and many 
other surveys have not contained questions on income partly because it is thought that people 
will not provide accurate self-reports (Galobardes et al., 2006a). This has meant that ecological 
and composite measures based upon a number of socioeconomic variables available for 
communities residing within pre-specified geographical areas have been used as surrogate 
markers (Galobardes et al., 2006b). 
 
At this point the issues of ecological fallacy, scale effects and the modifiable areal unit problem 
(MAUP) each warrant discussion as all studies that utilise ecological measures of 
socioeconomic circumstances are vulnerable. The research in this PhD was no exception. 
MAUP is conceived of by two types of problems:  scale problem and zonation problem (Lloyd, 
2014, p.29; Openshaw & Taylor, 1981; Parenteau & Sawada, 2011). As discussed in the 
previous section, socioecological models involve aggregation of individual characteristics and 
therefore deducing individual characteristics from on aggregated characteristics involves 
ecological fallacies (Holt et al., 1996; Subramanian et al., 2009). This may be erroneous 
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because within a particular characteristic within a community, such as a high unemployment 
rate or a high percentage of university graduates, does not necessarily mean a randomly 
selected individual living within that community is unemployed or has a university degree. The 
larger the geographic boundaries used to define the community, the more heterogeneous the 
community is likely to be and the greater the risk of ecological fallacy. The scenario is 
illustrated by maps in figure 3.6 and 3.7. The two maps show the proportion of 55 years old 
and higher population (based on the 2011 census data), aggregated at two different spatial units 
in the Sydney metropolitan area, Australia.  Map 3.6 shows the proportion of the ageing 
population at the statistical area level 4 (SA4), which is a higher-level spatial unit as per the 
Australian system of geographic standards. Map 3.7 shows similar variable at the statistical 
area level (SA2), which is a lower tier of the spatial unit and nested within the SA4. Apparently, 
map 3.6 contains coarse information than map 3.7 because of the aggregation of data at 
different spatial scales. This phenomenon indicates the fact that aggregation at the upper level 
does not reflect just the summation of smaller units. Using the proportion of the ageing 
population in a regression model may show different and unreliable relationships with an 
outcome variable in interest for different ecological units owing to the aggregation at different 
level (Lloyd, 2014, p.30; Parenteau & Sawada, 2011).  This is the ‘scale effect’, which most 
researchers aim to address by utilising the smallest set of geographic boundaries available to 



















Figure 3. 6: Illustration of the effect of aggregation by using percentage of ageing population at statistical 






















Figure 3. 7: Illustration of the effect of aggregation by using percentage of ageing population at statistical 
area level 2, Sydney (Australia)  
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Second, the zonation problem refers to the arbitrariness of the geographic boundaries used to 
define a community (Openshaw, 1984; Openshaw & Taylor, 1981). It is theoretically possible 
that different sets of geographic boundaries at the same spatial scale can deliver different sets 
of results (Flowerdew et al., 2008). For example, the analytical results based on the above 
example may change if the spatial boundary further extends from the Sydney metropolitan area 
to whole New South Wales in Australia. The effects of both scales and zonation were found on 
the objective measurement of spatial accessibility of UGS (Zhang et al., 2011) and physical 
activity (Su et al., 2019). Despite the usefulness of SEMs in public health research, the effect 
of MAUP still remains a contentious issue in measuring the exposure of interest. As Parenteau 
and Sawada (2011) pointed out, the health status of the population is the outcome of multiple 
and multiscalar socioeconomic and environmental factors. Therefore the use of SEMs in the 
health studies often poses the risk of MAUP effect.  
 
However, as understandings of MAUP and other issues have risen, approaches to defining 
geographic boundaries have improved theoretically and empirically to an extent. Efforts on 
reducing the negative effect of MAUP in the spatial models are also still in progress. To date, 
several solutions were prescribed in different literature to mitigate the MAUP problem in the 
analytical models. We are going to discuss three of these solutions in this section. First, the 
most common solution is the use of homogeneous spatial/ecological units in terms of spatial 
and non-spatial characteristics as well as in size while maintaining a level of heterogeneity 
between the spatial units (Lloyd, 2014, p.41; Parenteau & Sawada, 2011). For example, the 
Australian Bureau of Statistics now suggests that the Statistical Area level 2 geographic 
boundaries are a reasonable approximation for local neighbourhoods (Australian Bureau of 
Statistics, 2011a). Second, a sensitivity analysis was prescribed to find out the optimum scale 
of ecological unit by evaluating the relationship between the environmental exposure variable 
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and the outcome health variable (Jelinski & Wu, 1996). In this instance, geographical 
weighting (e.g. distance decay weight) of the variables were suggested that can show less 
sensitivity to the changes of scales and extent (Lloyd, 2014, p.38).  In addition, the automated 
design of an ecological unit (Lloyd, 2014, p.41) was prescribed through computer iteration.  
 
A modern version of these ecological and composite indices of area-level socioeconomic 
circumstances is the English indices of multiple deprivations (IMD), which is available at the 
lower layer super output area of UK (Smith et al., 2015).  The IMD support the government in 
making decisions on investing resources (e.g. for purposes of health promotion) by targeting 
appropriate areas of the population for better delivery of services. The socio-economic index 
for areas (SEIFA) in Australia (Australian Bureau of Statistics, 2011c) is similar to the IMD. 
There are four SEIFA indexes. In this study, the index of relative socioeconomic advantage 
and disadvantage (IRSAD) and index of relative socioeconomic disadvantage (IRSD) were 
used (Australian Bureau of Statistics, 2011c) (Map 3.8 and 3.9). IRSAD and IRSD summarize 
respectively 32 and 16 census variables at multiple tiers of geographical units. The main 
dimensions for which the census variables are drawn are income, education, employment, 
occupation and housing. While IRSAD ranks areas on a continuum from most disadvantaged 
to most advantaged, IRSD ranks from most disadvantaged to least disadvantaged. So the areas 
with a lower rank on IRSAD are meant to be relatively less advantaged. The detailed 
methodology of IRSD construction is provided in the technical paper of SEIFA (Australian 
Bureau of Statistics, 2011c).  
 
There were twofold purposes of using such an index in this research. Firstly, this index was 
used to investigate the inequity in both UGS quantity (research question no. 2) and quality 
(research question no.3); and secondly, to enable a stratified sampling of UGS for direct 
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auditing. As equivalent indices were not available for Dhaka and Singapore, composite socio-
economic indexes were developed for the two cities in this PhD. For distinguishing purposes, 
the indexes developed for Dhaka and Singapore were named as socioeconomic profiles and 
socioeconomic disadvantage profile. The socioeconomic data are collected from the official 
sources at the smaller area level matching with the spatial resolution of GIS data (Sub-zone 
level of Singapore and Ward level for Dhaka city). Few limitations were faced to develop the 
indexes in both cities which are highlighted in the construction procedures. Especially the 
census data of Dhaka was not in a digital format, therefore, the conversion of the variables into 














































Figure 3. 9: Index of relative socio-economic disadvantage (IRSD) in Sydney 
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3.2.3 Procedure for constructing the socio-economic profile 
A sequence of methodological steps was followed to construct the socio-economic indices in 
the three cities. Figure 3.10 shows the methodological sequence of the construction process: 
 
(1) Analysing census variables 
 
Before starting the index construction process the available variables from the latest census 
(2011) of both Bangladesh and Singapore were reviewed. Upon an extensive review, a 
primary list of variables was selected separately in both of the cities. However, the national 
census in Bangladesh and Singapore does not have as many socioeconomic variables at the 
ward and subzone level as is found in the Australian census that covers Sydney. 
Consequently, 9 advantaged indicators and 8 disadvantaged indicators (for Singapore); 6 
advantaged indicators and 9 disadvantaged indicators (for Dhaka) were selected to develop 
indices in each city. These primary candidate indicators are shown in Appendix I. These 
indicators were drawn from five dimensions (education, social capital, economic, 
employment and cultural). From the primary indicator list of Singapore, only 1 (out of 17) 
indicators (e.g. % of the population with non-Chinese ethnicity) were available at the 
subzone level. Most of the socioeconomic census variables are available at the planning 
area (larger spatial unit). Therefore, the values of the other 16 variables were deduced at 
the subzone level through weighting of the proportion of the population living in the 
subzone within a planning area. Subzones and wards were selected as the spatial unit 
respectively for Singapore and Dhaka as these were the lowest spatial unit at which level 





















Figure 3. 10: Methodological flowchart to develop socio-economic profiling of the case cities 
 
(2) Exclusion of areas 
In Dhaka, census variables were available for each of the 92 words whereas census 
variables were available for 261 out of 314 subzones in Singapore. Therefore the subzones 
were excluded from the constructions process for which census variables were not 
available.  
 
(3) Running the correlational matrix and removal of highly correlated variables 
One of the preconditions of constructing socioeconomic profiles is to remove highly 
correlated variables to reduce the multicollinearity problem among the variables. Upon 
removing the highly correlated variables (r=>0.8), the final list of variables is reduced in 
number as shown in table 3.2. 
 
1.
•Selection of primary indicators
2.
•Modelling data for the smallest spatial unit
3.




•Removing highly collinear variables 
6.
•Principal Component Analysis (PCA) 
7.
•Calculating and Standardizing profile Score for each spatial unit
8.
•Ranking and Mapping into GIS
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Table 3. 2: Socio-economic Indicators used for Socio-economic profiling 
Cities Socio-Economic Indicators Used 
Advantaged indicators Disadvantaged Indicators 
Singapore 
city 
(1) % of population living in good 
quality houses 
(1) % of population that have diploma level of 
education 
(2) % of people on high incomes  (2) % of poor quality housing (1 unit HDB) 
(3) % population who are professional  (3) % of population with low income 
  
(4) % of population who are not Chinese-
Singaporean 
Dhaka city 
(1) % of population going to University (1) % of population aged 15 not going to school  
(2) % of population living in Good 
housing (2) % of population living on agriculture 
(3) % of population owning house (3) % of population who have low reading ability 
  
(4) % of population living in low quality 
housing 
  
(5) % of population having non-sanitary toilet 
system 
 
(4) Principal Component Analysis (PCA) 
PCA was conducted to re-orient the data so that a multitude of original variables can be 
summarized with relatively few ‘components’ that capture the maximum possible 
information (variation) from the original variables. To conduct the PCA, the variables were 
standardized through z-transformation. After running PCA on the final variables of Dhaka, 
two components were retained as per the Kaiser rule (eigenvalue >1) (Kaiser, 1991; 
Kaufman & Dunlap, 2000). These two components express 71% variations of the original 
variables. However, as this is not a ‘golden rule’ (Preacher & MacCallum, 2003), the rule 
was relaxed to select three components for Singapore by filtering components with 
eigenvalue > 0.9. This was done to avoid loss of more variables as already the number of 
variables was small. These three components accounted for 72% of the variation. Yet, 
variables that had loadings less than 0.3 were excluded in the construction of both indexes 
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Table 3. 3: Final list of variables of Socio-economic Profile with the loading for Singapore 
Variable names Loading, 
L 
% of population living in good quality housing (executive HDB, 
condominium, landed properties) 
0.68 
% of High income people ($8000/month) 0.39 
% population who are professional 0.48 
% of population have diploma level of education -0.50 
% of poor quality housing (1 unit HDB) -0.53 
% of population with low income -0.52 
% of population who are not Chinese-Singaporean -0.85 
  
Table 3. 4: Final list of variables of Socio-economic Profile with the loading for Dhaka 
Variable names Loading, 
L 
% of population going to University 0.37 
% of population living in Good housing 0.44 
% of population owning house 0.32 
% of population aged 15 not going to school -0.36 
% of population living on agriculture -0.42 
% of population who are illiterate -0.48 
% of population living in low quality housing -0.37 
% of population having non-sanitary toilet system -0.36 
 
 
(5) Computation and justification of profile score 
 
The index score is computed for the smallest areas of Singapore and Dhaka by summing 
up the product of each standardized variables after multiplying with their weights. The 


















Su =  Raw profile score for the ward/subzone 
Xk.u= Z-score of the k-th variable for the ward/subzone 
Ln = Loading for the k-th variable (Table 3.3) 
λ= The eigenvalue of the principal components; and 
n= Total number of variables 
 
 
The profile scores were justified by the Kaiser-Meyer-Olkin (KMO) test of sampling 
adequacy (Cerny & Kaiser, 1977). The KMO test result 0.5 and over indicates that the 
variables were justified for conducting PCA. The KMO values of profile scores for 
Singapore and Dhaka were 0.72 and 0.78, respectively.  
 
(6) Ranking and mapping into GIS 
 
After computing profile scores at the smallest area level (ward/subzone) for both Dhaka 
and Singapore, the areas were classified into deciles. Then the ranks were joined with the 
spatial data layer of small areas in both cities through the ‘join and relate’ tool within 
ArcMap GIS software (ArcGIS, 2012). Integrating the profile output into GIS-enabled 
visualization of the socio-economic stratification of the smallest areas through mapping as 
well as subsequent analysis. All these procedures outlined above were followed to generate 


























Figure 3. 11: Self-constructed Socioeconomic profiles of Singapore at the subzone level 
 
 





















Figure 3. 12: Self-constructed Socioeconomic disadvantage profile of Singapore at the subzone level
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3.3 DEVELOPMENT OF AUDITING TOOLS 
 
The quality and use of urban green space (UGS) were measured using two existing tools 
adapted for the purposes of this multi-country study.  The names of the two adapted tools are 
the Periodic Green space Auditing Tool (PGAT) and the General Green space Auditing Tool 
(GGAT). These two tools were designed to capture two different types of information from the 
same sample green space. The development and methodology of these two tools are described 
below:  
3.3.1 Periodic green space auditing tool (PGAT) 
 
This tool was ideally built on the systematic observation of play and recreations in the 
community (SOPARC) (McKenzie et al., 2006). SOPARC was chosen to guide the 
development of PGAT as no other objective tool hitherto was typically used to systematically 
observe outdoor activities(Joseph & Maddock, 2016). However, a few variables were removed 
from SOPARC and a few were customized to design the PGAT. The ‘conditions of target area’ 
and ‘ethnicity’ sections were fully removed; age group was divided into ‘ageing’ and ‘younger’ 
in PGAT instead of four age groups.  As per the research objective, dichotomous age groups 
are chosen to make a particular focus on the use of UGS by the ageing population. The level 
of activities in the UGS was categorized as ‘sedentary/relaxing’, ‘walking/fitness’ and 
‘vigorous’ as they are used in the original SOPARC. Since the weather conditions were likely 
to influence the activities in UGS, ‘temperature’ and ‘humidity’ options were added in PGAT.  
Before using the tool for final auditing, it was piloted in multiple UGS sites in Wollongong 
city (Australia) and Dhaka (Bangladesh) to validate the tool. The differences of auditing items 
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(i) Time sampling and target area 
To sample the activities of the UGS users, the SOPARC manual was followed. Through the 
time sampling procedure, each green space was visited at least two (maximum three) sessions 
within a day; i.e. morning session, afternoon session and/or late afternoon/evening session. At 
each of the sessions, at least one and maximum of three target areas were audited. The number 
of target areas was selected based on the concentration of activities in that green space. At least 
one linear strip (e.g. trail or walkway around the green space) was always considered as a target 
area during on-field direct auditing. The rationale behind this specification was based on the 
observations from pilot auditing in Wollongong and Dhaka, which had suggested that physical 
activity of the ageing people in the UGS is primarily concentrated in walking, jogging or 
cycling for both sexes by using a linear strip. Examples of the sample target areas are shown 
by the illustrations in figure 3.15: 
 
(ii) Data recording system 
A data recording form was developed in an online system instead of the paper-based form as 
described in the SOPARC manual (McKenzie et al., 2006). The responses recorded in the 
Google form were stored in a spreadsheet within the cloud system. Use of the digital form in 
this study helped to save the time required for data input. A digital counter application was 
used on the Android based mobile device to count population by age and level of activities. 
This tool is comparatively trickier than the GGAT, especially with respect to scanning each 
person and recording of the activities. Three independent auditors from three case cities were 
vigorously trained and deployed to simultaneously use the tools with the primary auditor (me) 
so that inter-rater agreement can be tested to validate the tool. It was necessary to develop 
consensus about recognizing population age and activity type through training with videos 
prior to final auditing. Especially, determining whether a person is ageing or not seemed to be 
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highly contentious. In the target area, each auditor scanned each area for people from left to 


















Figure 3. 15: Illustration of delineating target areas at the sample green spaces 
 












Target area 2 
Linear target area 
Target area 1 
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During the scanning, each person, his/her age group, type and level of activities were recorded 
in the counter. In the beginning, the activity types were determined based on whether the 
activities were primary or secondary types. The procedure was followed separately and 
sequentially for male, female and spectators (if the organized activity is carried out).  The types 
of activities were conceptualized beforehand on the basis of the SOPARC manual and pilot 
observation. These included fitness (e.g. walking, exercise, running, Tai Chi), athletics, 
relaxing/socializing (e.g. watching sports, casual hangout), picnic/barbeque, different types of 
sports (e.g. soccer, basketball, cricket, tennis, chess), and informal activities. These types of 
activities were then grouped into the level of activities.  Level of activities was categorized into 
three types: sedentary, walking and vigorous. Sedentary activities included sitting and standing 
stationery. Vigorous activities included running, cycling, exercise, sports activities, and so on. 
The examples of three types of activities are shown in figure 3.16. The duration of scanning 
the linear strip was determined based on the time taken to complete one round of walk along 
the linear strip. This was estimated before starting the auditing. The methods of using the PGAT 


















Figure 3. 17: The tier of information recorded in the PGAT 
 
3.3.2 General Green Space Auditing Tool (GGAT) 
The GGAT was based on the Community Park Auditing Tool (CPAT) (Kaczynski et al., 2012). 
As the name suggests, this tool captures as much general information as possible from the UGS 
where activities take place. A number of UGS quality auditing tools were reviewed before 
selecting CPAT. These included Environmental Assessment of Public Recreation Spaces 
(EAPRS) (Saelens et al., 2006), public open space tool (POST) (Broomhall et al., 2004), and 
the neighbourhood green space tool (NGST) (Gidlow et al., 2012). Options for remote 
assessment were explored also e.g. public open space desktop auditing tool (POSDAT) 
(Edwards et al., 2013). All these tools are designed for the UGS irrespective of size. 
Surprisingly, no UGS auditing tool was found that is designed to assess only ageing friendly 
green space environment. Though POSDAT seemed to be an innovative data collection system 
by using high-resolution imagery (e.g. Google Street view), it encountered few shortcomings 
to use in wider geographic contexts. First, high-resolution images for each park might not be 
Target 
area 
Primary activity Secondary activity Organized activity 
Male Female Male Female Male Female 
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available; second, available imagery sometimes can be backdated; and third, many small 
features (e.g. water tap) were difficult to observe from the imagery (Edwards et al., 2013). 
Other tools reviewed are designed to use for direct observation, the usability of which was 
assessed through the auditing time the tools were supposed to take to complete. Table 3.5 
highlights the main domains and number of items under each domain included in the reviewed 
tools.  
Table 3. 5: Comparison of four green space auditing tools that are reviewed as part of developing GGAT 
Tool names Name of the domains Number of items 
EAPRS (Saelens et al., 
2006)  
17 (Park information, trails, paths, 
general areas, water areas, 
Eating/drinking areas, facilities, 
educational/historical features, 
sitting/resting features, landscaping, 
general aesthetics, access-related 
features, directive and information-
based features, safety related features, 
play set or structures, other play 
component, aesthetic fields and other 
recreation areas)  
646 
POST) (Broomhall et 
al., 2004) 
5 (Park information, activities, 
environmental quality, amenities, 
safety) 
49 
NGST (Gidlow et al., 
2012) 
7 (Park information Access, 
recreational facilities, amenities, 
natural features, incivilities, usage) 
33 
CPAT (Kaczynski et 
al., 2012) 
4 (Park information, access and the 
surrounding neighbourhood, activity 
areas, quality and safety) 
28 
n.b. The park information component is common to every tool but only considered as a domain in the CPAT. 
However, the items are independent of park information 
 
As seen in the table, no noticeable variation could be found among the tools within the types 
of domains except in EAPRS, which include relatively a longer list of UGS quality items. Yet, 
an important improvisation was observed in the development process of the neighbourhood 
green space tool (NGST) as it included public perceptions to finalize the items. Another 
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limitation observed in the items was that the tools were context-specific. This means that the 
tools were developed for particular geographical contexts, which presents potential limitations 
for making generalisations from the results to other contexts.  Nevertheless, after a detailed 
review of each of the tools and consultation with supervisors, CPAT was preferred mainly 
because it was reasonable in length to fit into the auditing plan and wider geographic scopes. 
CPAT has the lowest number of auditing items, though these were expanded to include some 
sub-items to capture more detailed information. In addition, this tool has items that facilitated 
the collection of information about the surrounding neighbourhood (for example, information 
on surrounding land uses and the safety concerns of the neighbourhoods). In addition, the 
activity areas and quality domains included several items that are considered to be important 
for engagement of the ageing population; for example, picnic facilities, trails, and dog-walk 
facilities. 
    
GGAT tools needed to be adapted for the case cities in relation to the size of green space, 
culture and amenities. For example, in the original CPAT form, the ‘park activity areas’ section 
includes three options for the different types of activities that are actually suitable for a very 
large park and playgrounds. In reality, it is rare to get such a UGS that has multiple areas for 
one particular type of activities, e.g. soccer, baseball etc. In addition, a large range of sports 
activities included in the CPAT is not applicable as the activities performed by the ageing 
population are not universal across international contexts (for example, basketball, baseball ). 
Thus, CPAT that was developed mainly in the American context needed to be adjusted for the 
Singapore and Bangladesh contexts. For example,  splash pads and off-leash dog-parks are not 
usual activities in the neighbourhood green spaces in Singapore and Dhaka. Furthermore, 
CPAT has no provision for ‘cricket’ as an activity type, but this is a very popular game in 
Australia and Bangladesh. The domains are regrouped also for scoring purposes. New domains 
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are accessibility, safety, activity spaces, amenities and landscape quality. For comparing the 
UGS quality on a unique scale the same tool was used in all the three cities despite there are 
significant differences in the size, characteristics, maintenance and public attitudes to UGS. By 
doing so, the score for each green space can be comparable to a global standard as well as the 
local standard. This would help to spot the areas of improvement in the specific context. 
Appendix II highlights the changes are made in the GGAT.  
 
Data recording system 
Like PGAT, GGAT was also developed in an online form and the responses were collected in 
the form of multiple-choice and checkbox. The items in the GGAT adequately fill the gaps 
made by removing ‘conditions of target area’ options of SOPARC in developing PGAT.  
GGAT was completely based on recording ‘what can be seen’. The CPAT guidebook was 
largely followed to use GGAT. Usually, GGAT was used once for each sample green space to 
audit the features within and around, whereas PGAT was deployed at multiple periods within 
the same UGS in a  day due to the need to record potential differences in utilization at different 
times. In most of the times, GGAT was used in between two observation session of PGAT, for 
example, between morning and afternoon session. Before starting the audit, the sample UGS 
was roamed entirely to scan what is in and around it. Then in a repeat tour, two auditors filled 
the GGAT form independently.  
3.4 DATA PREPARATION AND VALIDATION 
 
The observed data needed to be validated through an inter-auditor reliability test. An inter-
auditor agreement test helps to validate the collected data by measuring statistically how much 
the data collected by one auditor agrees with the data collected a second auditor. This process 
is also called reliability analysis. Accordingly, the collected data were validated through inter-
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auditor agreement (IAA) analysis for both tools. To do this, the on-field raw data was cleaned 
and summarized by the unit of analysis.  In the SOPARC, Pearson’s correlation coefficient (r) 
was analysed to measure the reliability of the users’ activity data (McKenzie et al., 2006). 
However, some literature suggested Lin’s concordance coefficient (ρc) for assessing the 
reliability of quantitative variables (PGAT) when audited by two auditors (Jinyuan et al., 2016; 
Watson & Petrie, 2010). Therefore, Lin’s concordance coefficient (ρc) was used to measure the 
reliability for quantitative variables produced from both of the tools. Percentage agreement and 
Kappa statistics (қ) were used for categorical variables in GGAT similar to the data validation 
process in CPAT (Kaczynski et al., 2012).  The criteria for validation are given in table 3.6.  









3.4.1 Scoring of the UGS quality 
 
Based on the GGAT responses, composite quality scores were generated for each of the sample 
UGS. In this regard, a straightforward method was followed as the responses are categorical. 
One point was added for each feature that contributed to a higher quality UGS. For example, 
the aesthetic domain includes 8 items; for the presence of each item, UGS got 1 positive score. 
In contrast, for each feature that lessened the quality of the UGS (for example, the presence of 
poor lighting and/or graffiti), one point was deducted from the accumulated score. Some of the 
questions in the audit requested a Yes/No response, for example, one accessibility item includes 
GGAT 
Acceptability Kappa, қ % agreement 
Fair <0.4 The higher % 
indicates to 




Almost perfect 0.81-0.99 
Perfect >0.99 
PGAT 









Almost perfect >0.8 >0.99 
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whether the UGS is near a public transit point or not.  Each ‘yes’ response received 1 point and 
‘no’ responses received 0 points. For the Likert responses such as for the questions like “how 
much green space is lit?”, the score was distributed in a consistent gradient. For example,  the 
responses of this lighting questions were assigned with  scores 3, 2.25, 1.5, 0.75 respectively 
for > 75%, 50-75%, 25-50% and <25% of lighting. Following this procedure, each green space 
received between -16.75 and 178 points from 41 items. The framework of the GGAT composite 
quality score is given in appendix III.  
 
Out of the total 41 green space quality items audited through the GGAT, seventeen (17) features 
were considered as ageing friendly features based on the major type of activities in the green 
spaces as observed in the three cities. These features are shown in the following table: 
Table 3. 7: UGS features that are considered as ageing friendly 
• Entry points (3 or more) • Fitness station 
• Bike route • Usable public restroom 
• Mixed residential use • Useable drinking fountain 
• No safety issues in neighbourhood (e.g. graffiti, 
vandalism, etc) • Useable benches 
• More than 75% night light coverage • Useable picnic facilities 
• Soccer field • Useable trail 
• Cricket field 
• More than three aesthetic 
items 
• Unrestricted dog walk 
• No incompatibility issue (e.g. 
lack of lighting, graffiti) 
• Tennis facilities  
 
Selection of these UGS features as to be relevant for ageing activities were supported by other 
studies also (Gidlow et al., 2012; Van Dyck et al., 2013; Veitch et al., 2015). Following the 
scoring method, the sample of green spaces was assessed against an ageing relevant ideal score 
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Table 3. 8: Framework of the general quality scores based on the responses in GGAT 





Overall GGAT Ageing 
relevant 
Accessibility 12 3 32 12 
Safety 6 2 22 17 
Activity Spaces 10 5 43 22 
Amenities 7 5 50 41 
Landscape quality 6 3 31 24 
Total 41 16 178 116 
 
3.4.2 Results of Data validation 
Table 3.9 shows the inter-auditor agreement analysis result for the variables generated from 
the PGAT data. Twenty variables were generated for three cities to check IAA. As the table 
suggests, most of the key variables related to users and level of activity agree to the acceptable 
criteria by referring to table 3.6. In four cases (shown with the shaded cells) do not meet Lin’s 
concordance criteria of agreement. These are the number of total female in the sedentary 
activities (Sydney), total ageing female in sedentary activity in Sydney, total male in vigorous 
activities (Sydney) and total ageing male in vigorous activities (Dhaka). However, Pearson’s 
correlation is highly significant for these three values and therefore still they can be said to be 
reliable. Thus, the IAA analysis suggests that the collected data are adequately valid and usable.  
Table 3. 9: Inter auditor agreement analysis of the PGAT tool 
  
  
Sydney Singapore Dhaka 
Pearson’s r Lin’s ρc Pearson’s r Lin’s ρc Pearson’s r Lin’s ρc 
i. Total number of female .989** 0.988 0.999** 1.000 0.997** 0.995 
ii. Total number of ageing 
female .99
** 0.994 0.993* 0.991 0.991** 0.990 
iii. If an auditor counts less or 
equal than 10 female, 
agreement for the total female 
.995** 0.995 1.000* 1.000 0.995** 0.992 
iv. If an auditor counts less or 
equal than 10 ageing female, 
agreement for the total ageing 
female 
.997** 0.995 0.991** 0.991 0.990** 0.987 
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v. If an auditor counts more 
than 10 female, agreement for 
the total female 
.96** 0.943 1.000** 1.000 0.994** 0.990 
vi. If an auditor counts more 
than 10 ageing female, 
agreement level for the ageing 
females 
insufficient insufficient 0.956 ** 0.933 0.972** 0.966 
vii. Total number of  male .978** 0.978 0.979** 0.979 0.999** 0.998 
viii. Total number of  ageing 
male .987
** 0.987 0.917** 0.915 0.998** 0.995 
ix. Total female in Sedentary 
activity .904
** 0.795 0.999** 0.999 0.997** 0.995 
x. Total female in Walking 
activity .957
** 0.956 0.996** 0.996 0.995** 0.992 
xi. Total female in Vigorous 
activity .924
** 0.902 0.998** 0.998 0.944** 0.938 
xii. Total ageing female in 
Sedentary activity .877** 0.868 0.981** 0.979 0.979** 0.975 
xiii. Total ageing female 
walking .990
** 0.989 0.992** 0.992 0.992** 0.992 
xiv. Total ageing female in 
vigorous activity .993** 0.993 0.983** 0.983 1.00** 1.000 
xv. Total male in Sedentary 
activity .935
** 0.929 0.999** 0.999 0.998** 0.998 
xvi. Total male in Walking 
activity .927
** 0.923 0.949** 0.949 0.997** 0.995 
xvii. Total male in Vigorous 
activity .853
** 0.852 0.958** 0.954 0.996** 0.996 
xviii. Total ageing male in 
Sedentary activity 1.000
** 1.000 0.994** 0.994 0.996** 0.995 
xix. Total ageing male walking .949** 0.941 0.908** 0.907 0.997** 0.994 
xx. Total ageing male in 
vigorous activity .508
** 0.434 0.876** 0.876 0.997** 0.997 
 
Table 3.10 shows the level of agreement among the GGAT scoring items by domain. The table 
suggests that most of the GGAT data are ‘almost perfect’ (Kappa coefficient > 0.8).  The lowest 
Kappa coefficient is 0.74 which is also considered as substantial. The cumulative quality scores 
of the green spaces, generated by the responses of the independent auditors were also compared 
in Table 3.11. The results also found highly correlated. Thus, the data can be used beyond any 
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No of scoring 
items Ɨ 







Accessibility 34 0.89 92.54% 0.90 94.92% 0.97 98.21% 
Safety 9 0.92 93.75% 0.77 82.22% 0.76 80.77% 
Activity 
spaces 
41 1.00 100% 1.00 100.00% 0.95 98.29% 
Amenities 27 1.00 100% 0.94 96% 0.95 96.83% 
Landscape 13 0.88 95.92% 0.74 84.21% 0.96 97.44% 
Total 124 0.96 97.64% 0.88 92.03% 0.94 96.35% 
Ɨ: GGAT include 187 items but 140 items are used for scoring and reliability analysis   
 










Sydney Singapore Dhaka 
ρc= 0.998 
r = 0.999** 
ρc= 0.994 
r = 0.996** 
ρc= 0.994 
r = 0.998** 
** 1% significant level 
 
3.5 SELECTION OF SAMPLE GREEN SPACES 
 
A cluster randomised sampling approach was used to first select larger areas within cities, then 
to select a random sample of neighbourhoods from within those larger areas and across a 
distribution of socioeconomic state. Finally, to select a larger UGS and two smaller green 
spaces from within each neighbourhood where possible. Selection of UGS of contrasting sizes 
was done to afford understandings of how size, quality and utilisation of green spaces may 
interact across different socioeconomic strata and potentially also in different cultural contexts. 
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The sampling procedure started with a random selection of four upper-level geographical units 
by using a Python script. For example, this upper-level geography is statistical area level 4 
(SA4) in Sydney, the planning area in Singapore and zones in Dhaka. The SA4 regions are the 
highest level of sub-State regions in the hierarchies of Australian Statistical Geography 
Standard (ASGS) (Australian Bureau of Statistics, 2011a). There are 107 SA4s covering whole 
Australia with minimum population 100,000 in the regional areas and between 300,000-
500,000 in the metropolitan areas. As per the geographic information system (GIS), the average 
size of the SA4 is 763.35 square kilometres. Although Singapore is divided into five regions, 
‘planning areas’ are the main divisions for master planning and census data collection in 
Singapore (Urban Redevelopment Authority, 2014). There are 55 planning areas in Singapore 
with an average population size varies between 2000 to 295,000 (Department of Statistics, 
2015). The average size of the planning areas (GIS computation) is 14.12 square kilometres. 
In Dhaka, city corporations were divided into ten (10) ‘zones’ to facilitate delivering the 
services. These are not census or administrative boundary as like SA4 and planning areas. As 
there are not any other higher level of the geographic boundary in Dhaka city, zones were 
selected for the sampling purposes.  
 
Within each of these larger areas the socioeconomic status variables described earlier (please 
see pages 99-100) were mapped for smaller areas. For Sydney, neighbourhoods were defined 
by the ‘statistical area 2 (SA2)’. There are two other larger geographical units (SA3 and SA4) 
used by the Australian Statistical Geography Standard (Australian Bureau of Statistics, 2011b). 
However, in core urban areas like Sydney, SA2s are suggested by the Australian Bureau of 
Statistics to represent communities with a population range of 3,000 to 25,000 persons 
(Australian Bureau of Statistics, 2011a). In Singapore, neighbourhoods are represented by 
‘subzones’. Subzones are usually delineated around a functional urban centre such as a 
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neighbourhood centre or activity node (Urban Redevelopment Authority, 2014) within a 
planning area. In Dhaka, the wards of the city corporations were considered as neighbourhoods 
at which level census and other spatial data were available. Quartiles of this socioeconomic 
profiles/indexes were used to classify the neighbourhoods from the most disadvantaged to least 
disadvantaged. One neighbourhood was selected randomly from within each of the 
socioeconomic quartiles. This random selection provided representativeness from different 
socioeconomic strata and free of biases. 
  
Within each neighbourhood, all green spaces were indexed. From those UGS that were located 
within the neighbourhood nested within a socioeconomic quartile, one large green space (above 
the median size of all the UGS within that neighbourhood) was randomly selected. In cases 
where there was just one larger green space, that was automatically selected. Then one smaller 
green space (below the median size) was selected randomly within 1 kilometre of the big UGS 
and another smaller UGS was selected beyond 1-kilometre distance. This distance-based 
selection criterion is based on the hypothesis that larger green spaces exert greater attraction to 
people because larger UGS tend to offer a wider range of things to see and do (Giles-Corti et 
al., 2005). Therefore, people may be willing to travel further to visit a larger green space, 
possibly skipping other nearby smaller green spaces as a result. However, smaller UGS may 
offer other opportunities for outdoor restoration, social recreation and physical activity that 
larger UGS do not and their proximity may be especially important for seniors, for whom 
walking over short distances may be an important part of their day. This was the justification 
for selecting green spaces of different sizes and distances within each neighbourhood. Table 
3.12 highlights the stages of stratified random selection procedure supported by the maps and 
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Stage 5: Visualization (selected UGS shown by circle in Fig 
3.18) 











































Stage 2: Mapping socio-economic 
quartiles of the neighbourhoods 
within larger geographies  
 
Stage 3: Random selection of one 
neighbourhood from each of the 
socioeconomic quartile 
Stage 4:  Indexing all the green 
spaces located within the selected 
sample site as per the size 
Stage 5: Selection of one big sized 
green space and two smaller sized 
green spaces as per the selection 
criteria 
Stage 1: Random selection of 4 
larger geographies 
 
Stages of random selection Outcomes in Sydney 
Stage 1 (ref: figure 3.18 (a))  
1. Baulkham Hills and Hawkesbury’ 
2. Eastern suburbs 
3. Inner south-west 
4. Ryde 
Stage 3 (ref: figure 3.18 (c))  
1. Belmore-Belfield (first) 
2. Mortdale –Penshurst  (2nd) 
3. Eastwood-Denistone (3rd) 
4. Cherrybrook (4th) 
Stage 2 (ref: figure 3.18 (b))  
Mapping index of relative socioeconomic 
disadvantaged (IRSD) at Statistical area 2 level 
Stage 4 is not shown on map 
 
 

































3.18 (b): Stage 2 of the random selection process (IRSD mapping) 
 





















 3.18 (c): Stage 3 of the random selection process (Random selection of neighbourhood/SA2) 
3.18 (d): Stage 5 of the random selection process (Random selection of UGS in neighbourhoods) 
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The similar procedure was followed in Singapore and Dhaka too. However, smaller UGS 
within 1 km distance of the larger green spaces were not available in Singapore and Dhaka in 
a few instances. For this reason, the number of sample UGS was reduced in these two cities. 
The final list of the sample green spaces in Singapore and Dhaka is given below: 






















First  Telok 
Blangah Hill 
Park 














































* This green space does not exist in reality.  
** The size of these two green spaces are very large that are not suitable as neighbourhood park. Thus half of 
these two parks were considered as neighbourhood green spaces 
 
3.5.1 On-field auditing 
Upon finalizing the sample UGS in three cities and adequate training of the co-auditors, the 
direct on-field auditing was carried out sequentially in Sydney, Singapore and Dhaka between 
January and May’ 2017. As per the seasonal calendar, it was summer in Sydney during January-
February as well as in Dhaka. Since Singapore is a tropical country, the temperature was 
homogeneous throughout the auditing period (March/April). In reality, the average temperature 
was lower in Sydney (22.5о C) than Singapore (28.7 о C) and Dhaka (29 о C) during the auditing 
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period. Although the temperature in Singapore and Dhaka was similar, average humidity was 
relatively higher in Singapore (78% vs 69%). Having previous experience of the climates in 
Singapore, the rain was anticipated during the auditing period and therefore 2 reserve days 
were included in case some of the sessions would be interrupted by rains. However, some 
unavoidable limitations such as visa, accommodation and logistic cost did not allow to keep 
more reserve days aside. Fortunately, only two auditing sessions on weekdays (one in the 
morning and another in the evening)  in two different sample UGS were interrupted due to rain. 
These sessions were adjusted by using one reserve day. In Dhaka, despite being the native 
place, traffic congestion, as well as lack of suitable transport, caused a substantial interruption 
in executing the auditing plan. There was also the upcoming month of holy ‘Ramadan’ from 
May. This is spiritually holy month in Bangladesh and people were very unlikely to engage in 
outdoor activities in UGS during that time. So there was less scope to allow more additional 
days lest data were not collected due to climatic interruptions. To overcome the issues and 
optimize time management, we had to change the predefined schedule in Dhaka after 
consultation with the co-auditor as per the local circumstances. Comparatively, the auditing 
was completed more conveniently in Sydney because of using private vehicle and having low 
traffic.   
SUMMARY 
 
This PhD research adopted cross-sectional studies and followed quantitative techniques of data 
collection, validation and analysis. The methodology was designed mainly to conduct three 
main analysis: firstly, the socioeconomic inequity of UGS availability and accessibility in 
relation to the ageing circumstances in three internationally diverse cities by using secondary 
ecological data; secondly, inequity of the UGS quality between and within cities by using 
primary data collected through on-field direct auditing; and finally, the association between 
UGS quality and level of ageing activities were analyzed and compared between cities by 
 
 
118 | P a g e  
 
considering the circumstances of the ageing population. Like IRSAD/IRSD in Sydney, 
socioeconomic profiles were developed for Singapore and Dhaka to assess the inequitable 
distribution of UGS as well as to select sample UGS. To fill the aim of conducting a cross-
national comparative study of UGS quality and associated use pattern, objective auditing tools 
were developed and used in stratified sampled UGSs. These two tools are named as PGAT and 
GGAT; originally adapted from SOPARC and CPAT. The data collected through these two 
tools were adequately validated through standard inter-auditor agreement analysis (IAA). 
Throughout the research, GIS was used as a supporting tool to compute and analyze data as 
well as select sample UGS sites for conducting on-field auditing.  The data were collected in 
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CHAPTER FOUR: SOCIOECONOMIC INEQUITY OF THE URBAN GREEN 
SPACE AVAILABILITY IN THE AGEING NEIGHBOURHOODS 
Research question: Is there socioeconomic inequity in the availability of UGS for older adults 
living in cities located in contrasting cultural, socioeconomic and epidemiological contexts? 
Abstract 
Background: 
The inequitable distribution of the urban green spaces (UGS) in the cities within LMICs and 
‘non-Western’ countries are not well documented. Nor has there previously been an explicit 
focus upon the extent by which ageing population are vulnerable to the socioeconomic inequity 
in the distribution of UGS in any context, despite this being an important resource for 
supporting healthy ageing and social interaction.  
Method: 
To address these gaps, data on UGS, socioeconomic circumstances, population ageing and 
density were gathered for neighbourhoods in three large and contrasting cities: Sydney 
(Australia); Singapore (Singapore); and Dhaka (Bangladesh). The distribution of UGS was 
calculated by a fixed boundary-based percentage (%) of UGS and two spatially weighted 
accessibility measures in the geographic information system (GIS). The accessibility measures 
were accessibility index and population-weighted distance (PWD). In addition to descriptive 
statistics, multiple linear regression models were fitted separately for the three cities in which 
UGS measures were considered as outcome variables and neighbourhood based composite 
socioeconomic index was included as the main explanatory variables in each model.  
Results: 
UGS availability was found to be positively associated with the socioeconomic circumstances 
in Sydney and Singapore with different level of strength, and the association was opposite in 
Dhaka. There was no differential level of socioeconomic inequity in the availability of UGS 
for ageing populations in either city. Rather, a higher percentage of the ageing population 
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within a neighbourhood appeared to be independently associated with higher amount of UGS 
in Sydney (β = 0.48, p<0.05) and lower amount in Singapore (β =-0.03, p<0.05).  In these 
cities, the proportion of the ageing population is already higher than Dhaka. The statistical 
analysis found a strong non-linear association between UGS availability and population density 
in Sydney and Dhaka; whereas a balanced association could be observed in Singapore both for 
the percentage of UGS and accessibility index. 
Discussion: 
The findings raised the issue of how to better measure the UGS exposure. Socioeconomic 
inequity in green space access is likely to be the product of inner-city densification in Sydney 
and Dhaka. A limitation of this study is the focus on access to UGS quantity only. The quality 
of green space may also be socioeconomically patterned and not necessarily in the same way 
as the results in this study have shown for UGS quantity. If the potential for UGS as a lever for 
social and active ageing is to be realised, then evidence on the quality and use of UGS from 
cities in ‘non-Western’ and LMIC countries is needed along with understandings of quantity. 
4.1 BACKGROUND 
 
Population ageing is a global phenomenon posing significant policy challenges (HelpAge 
International, 2015; United Nations, 2019; US National Institute of Aging, 2011). Evidence on 
how to enable opportunities for healthier, more active and social ageing is crucial to design 
residential environments that help older people to do what they value and cherish, without 
stigmatising the ageing process and perpetuating social isolation (World Health Organization, 
2015). It is known that the availability of UGS within residential neighbourhoods can help 
support healthy ageing through the promotion of physical activity, social interaction, 
psychological restoration and physical health (Hartig et al., 2014; Markevych et al., 2017). 
However, socioeconomic inequity in green space availability and accessibility has been 
documented (Astell-Burt, Feng, Mavoa, et al., 2014a; Barbosa et al., 2007; Jennings et al., 
 
 
121 | P a g e  
 
2016; Kabisch & Haase, 2014). Socioeconomic inequity in the UGS availability means people 
who often have the most to gain from green spaces have the poorest access to them (Astell-
Burt, Feng, Mavoa, et al., 2014a; Barbosa et al., 2007; Mavoa et al., 2015).  
 
However, current findings on this socioeconomic inequity are difficult to generalise to other 
contexts as most of the abovementioned studies were carried out in high-income countries 
(HICs) with inconsistent findings. For example, studies in Australia have found that most 
disadvantaged population have relatively less green spaces available in their communities 
(Astell-Burt, Feng, Mavoa, et al., 2014a; Shanahan et al., 2014). A similar type of pattern was 
found in other high-income countries, like USA (Abercrombie et al., 2008; Dai, 2011; Nesbitt 
& Meitner, 2016; Wen et al., 2013), United Kingdom (Roe et al., 2016). However, the opposite 
pattern was found in the United Kingdom (Barbosa et al., 2007; Jones et al., 2009), even in 
Australia (Mavoa et al., 2015) and USA (Vaughan et al., 2013). Such variations within the 
HICs were attributed to the city-specific variations in the distribution of the disadvantaged 
population (Astell-Burt, Feng, Mavoa, et al., 2014a). Referring to the differences in Australia, 
the opposite pattern was found in Melbourne (Mavoa et al., 2015). However, in the multi-city 
study conducted by Astell-Burt et al, they had already shown an opposite trend in Melbourne 
than other cities of Australia and termed that as a ‘rare occurrence’. While the multi-city study 
(Astell-Burt, Feng, Mavoa, et al., 2014a) measured only UGS availability by using parkland 
data in five major cities,  Mavoa et al (2015) measured the distance and size of all the types of 
public open spaces. Eventually, the level of inequity found in Melbourne by Astell-Burt et al 
was not statistically large enough. Although it might be a ‘rare occurrence’ to the researchers, 
such difference could be factors of other variables and how those were treated in different 
studies. For example, the source of data and how the inequitable distribution of UGS was 
measured. It is also important to note that Melbourne has been observing rapid upsurge of 
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suburbs in the outer side where most of the low-income population reside and co-exist with the 
natural protected lands (Mavoa et al., 2015). Thus, the urbanization pattern is also an important 
factor behind the contrasting result even within HICs. 
 
There are clear differences in health and ageing profiles, epidemiological transition, 
urbanisation and economic development between those countries mentioned above and low 
and middle-income countries (LMICs) and non-western high-income city-states,  where 
research on the inequity of UGS distribution is not sufficient. This represents a major gap in 
knowledge and an expanded geographical scope of a current investigation is warranted. In this 
study, we begin to address this gap by examining socioeconomic inequity in the UGS 
distribution with respect to ageing populations living in three cities situated in contrasting 
circumstances by using ecological data. These cities were Dhaka in Bangladesh as an LMIC 
case, Singapore as a ‘non-western’ high-income city-state, and Sydney in Australia as a HIC, 
‘western’ control. 
4.2. MATERIALS AND METHODOLOGY 
4.2.1 Spatial unit and boundary 
Each city was represented by using existing administrative boundaries within a geographic 
information system (GIS). The ‘urban centre and locality’ boundary designated by the 
Australian Bureau of Statistics was used to define the metropolitan area of Sydney. The 
boundary of Singapore included the mainland area only, excluding small enclaves and islands 
used for recreational and industrial operations. The spatial data of Singapore was collected 
from the urban redevelopment authority (URA) and National Parks Board (NParks). For 
Dhaka, the city boundary was defined by the two parts (north and south) of Dhaka City 
Corporation and the spatial data was collected from the capital development authority 
(RAJUK). Within each city, smaller and meaningful spatial units were the focus of data 
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analysis. The smallest possible spatial scale was suggested for the investigation of the UGS 
distribution in existing studies (Maantay, 2002; Tan & Samsudin, 2017). This scale can be 
literally considered as the neighbourhoods. For Sydney, neighbourhoods were defined by 
‘statistical area level 2 (SA2)’. There are two further smaller geographical units used by the 
Australian Statistical Geography Standard (Australian Bureau of Statistics, 2011b) smaller than 
SA2; such as SA1 and meshblock. While meshblock is considered as the unit of land uses, SA1 
is the aggregation of meshblocks for which the census data generally available but does not 
necessarily make a neighbourhood. The study area in Sydney encompassed a total number of 
232 SA2s in this study. In Singapore, the lowest tier planning unit was used as the 
neighbourhoods, named as ‘subzones’. Subzone is usually delineated around a functional urban 
centre such as a neighbourhood centre or activity node (Urban Redevelopment Authority, 
2014) and geographically nested within a ‘planning area’. There were 305 subzones in the 
mainland of Singapore after visualized in GIS.  In Dhaka, such a smaller spatial unit was the 
ward of city corporations beyond which census and other spatial data were not available. There 
are 92 wards in Dhaka. In the three cities, spatial units that are occupied by cemetery, 
substantially (>75%) nature areas, reserved area for water catchments and security purposes, 
industrial and port area, and extremely low population density (<100 population per square 
kilometre) were excluded as they may cause ‘outlier’ effect. These exclusion criteria returned 
214 SA2s in Sydney and 217 subzones in Singapore for further analysis. Apparently, 29% of 
subzones (88 subzones) in Singapore had to be excluded owing to be occupied by industrial 
zones, protected nature reserve, water catchment areas or military usage. These areas do not 
have residential blocks as it can be understood from the Master Plan of Singapore (Urban 
Redevelopment Authority, 2014). If the subzones that do not have residential blocks but full 
of green areas, it may overrepresent the UGS area and eventually skew the statistical 
distribution. Therefore these areas were excluded from statistical analysis. This is not 
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uncommon as another similar type of study conducted in Singapore (Tan & Samsudin, 2017) 
included 214 subzones.  
4.2.2 Variables 
To investigate socioeconomic inequity, the measures of UGS distribution was considered as 
the outcome variable. The distribution of UGS is defined by the availability and accessibility 
of UGS. Three indices were used hereby to represent UGS distribution. Inequitable distribution 
was quantified by measuring the statistical association between each of the UGS variables and 
socioeconomic circumstances and adjusting with the proportion of the ageing population and 
population density. 
 
Data source and preparation 
For the empirical analysis, the best available data were used for an international comparison at 
a meaningful level. Accordingly, static ecological data were used in this studies as commonly 
used in other studies as well (Nutsford et al., 2013; Richardson & Mitchell, 2010; Richardson 
et al., 2013; Tan & Samsudin, 2017). Land use categories that are described as managed parks, 
public open spaces and vegetated patches (e.g. reserve, grasslands) in each of the cities were 
considered as UGS. The UGS data were collected from official sources in each of the cities. 
For Sydney, meshblocks containing ‘parkland’ layers were obtained from the Australian 
Statistical Geography Standard data cube (Australian Bureau of Statistics, 2016). For 
Singapore, GIS data of all the parks and green spaces were obtained from the National Parks 
Board (NParks). However, there were many other UGS in Singapore beyond NPark’s 
jurisdiction. Therefore, a more representative distribution of UGS was obtained from the 
existing layers representing public parks, open spaces and nature reserve spaces identified in 
Singapore master plan 2014 (Urban Redevelopment Authority, 2014). For Dhaka, UGS data 
were collected from the capital development authority (RAJUK). This data of existing UGS 
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was prepared by the authority as part of the ongoing master plan for the megacity (Capital 
Development Authority of Bangladesh, 2016). 
 
Distribution of UGS 
The availability of UGS was measured by the proportion of the total land area within the 
neighbourhoods; expressed as the percentage (%) of the UGS. As this type of ‘container’ based 
measure was criticized by the problem of ‘edge effect’ and modifiable areal unit problem 
(MAUP) (Parenteau & Sawada, 2011; Su et al., 2019; Zhang et al., 2011), two accessibility 
measures were considered. These two accessibility measures are accessibility index and 
population-weighted distance (PWD) (Wen et al., 2013; Zhang et al., 2011).  
 
When a neighbourhood is defined by a strict boundary (e.g. as in this study) to generate park 
availability measures, it ignores the accessibility potential of the UGS located just at the edge 
of the next neighbourhood. This situation is defined as the ‘edge effect’. Thus, the accessibility 
measures helped to overcome this ‘edge effect’ by involving spatial interaction between origin 
and the nearest seven UGS (Zhang et al., 2011). The rationale of using seven UGS was 
attributed to the analysis of ‘destination choice set’ (Saaty & Ozdemir, 2003; Wen et al., 2013; 
Zhang et al., 2011). Theoretically, calculation of UGS accessibility can include all the UGS 
within the study area but in reality, people only access to the nearest UGS. Thus considering 
all the UGS in the computation of UGS would obviously produce a biased measure of 
accessibility. To overcome the issues of destination choice, Zhang et al. (2011) referred to the 
scholarly works in the domain of marketing research focused on the capacity and limitations 
of the human brain to process information when there are plenty of options. In that regard, the 
abovementioned authors cited Saaty and Ozdemir (2003)’s findings on having an upper limit 
of seven elements for making a consistent choice through spatial cognitive ability.  
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While accessibility index was used to determine potential spatial accessibility of the nearby 
seven UGS from the centre of the neighbourhoods, PWD was used to quantify expected direct 
distance that a neighbourhood resident would need to travel to these UGSs. These two measures 
principally imply the opposite direction of accessibility, such as the higher accessibility index 
indicates the more accessibility of the UGS, its the opposite in the case of PWD. 
 
Computation of accessibility index and PWD 
To calculate these two measures, two mathematical formulas were used following hang et al., 
(2011) with modification in assumptions regarding distance. Mathematically, the accessibility 
index was computed by the sum of the ratios of all (maximum 7) the park size and distance 
from the centroid of a neighbourhood. PWD was computed by the multiplication of the 
neighbourhood population, access probability and distance to all the parks. Mathematically 
accessibility index and PWD were denoted as: 
𝐀𝐀𝐀𝐀𝒙𝒙 =  ∑
𝑺𝑺𝒚𝒚𝒂𝒂
𝒅𝒅𝒙𝒙𝒚𝒚𝒃𝒃
�𝒚𝒚  ; and PWD = ∑  (𝑦𝑦=1~7 Popx ∗ Pxy*dxy)/ Popx 
In the equations, Sy is the size of the UGS (y); dxy is the walkable distance from the centre of 
a neighbourhood (x) to nearby maximum seven UGS (y) within the distance (dxy), measured 
by Euclidean distance, i.e. straight line distance. In this study, maximum walkable distance for 
the adult population in three cities was determined from previous empirical research. A USA 
based study empirically found that the average walking distance per day was 2.52 and 2.33 
kilometres respectively for the black and white population (Frank et al., 2004). Assuming these 
two values as applicable for the developed and high-income country contexts, the search radius 
(dxy) was set at the rounding 2.50 kilometres to find the maximum UGS options in the 
computation of the accessibility index and PWD for the green spaces in Sydney and Singapore.  
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As such an average daily walking distance limit for the ageing people was not readily available 
in Dhaka, the search radii (dxy) for Dhaka was selected based on the empirical studies. A study 
(Rahman et al., 2012) found mean free flow walking speed for all age group in Dhaka 1.15 
meter/second. In this study, the mean walking speed for the elderly and older adults were 
respectively 1.04 meter/second and 1.16 meter/second, together which make an average of the 
mean walking speed 1.10 meter/second for the ageing population. Considering 15 min walking 
distance from home to be defined as the empirical boundary of neighbourhood (Sugiyama et 
al., 2010; Van Dyck et al., 2009), a maximum spatial distance was calculated by the product of 
average speed (1.10 meter/second) and the empirical walking distance (~15 min). Accordingly, 
the search radius was set 1.00 kilometres for Dhaka. In addition to this empirical evidence,  a 
different distance threshold was used for Dhaka owing to differences in the walking supportive 
infrastructures in Dhaka, the factor of unpleasantness, types of impediments and traffic 
interruptions a person may encounter to walk to nearby UGS (Shumi et al., 2015).  
 
These assumptions enabled the inclusion of UGSs beyond the boundary of neighbourhoods in 
Dhaka and Singapore.  Pxy is the probability of accessing a UGS by the neighbourhood 
population; Popx is the population of the neighbourhood (x). The idea of assigning two 
parameters a and b respectively to the size and distance used by Holman et al. (1996) and Giles-
Corti & Donovan (2002) to account for the effect of the size and distance (decay) of the UGS 
on its usage. The values of a and b were empirically determined respectively 0.98 and 1.91. 
The three UGS measures were computed for the neighbourhood level as defined in this study. 
Maps in figures from 4.1 to 4.9 show all the UGS measures by the neighbourhood unit in each 
of the cities.  
 
 


































































Figure 4. 3: Population Weighted Distance (PWD) at the neighbourhood (SA2) level in Sydney 
 
 


















Figure 4. 4: % of UGS at the neighbourhood (Subzone) level in Singapore 
 
 














































Figure 4. 6: Population weighted distance (PWD) at the neighbourhood (Subzone) level in Singapore  
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Socioeconomic circumstances 
Composite socioeconomic indexes were used to explore neighbourhood-level socioeconomic 
inequity in the availability of UGS. Consequently, the index of relative socioeconomic 
disadvantage (IRSD) from the socio-economic indexes for areas (SEIFA) (Australian Bureau 
of Statistics, 2011c) was used for Sydney. This index portrays the relative level of access to 
necessary economic resources by the population of a neighbourhood as well as their ability to 
take part in the societal activities. The detailed methodology of the construction of IRSD is 
provided in the technical paper of SEIFA (Australian Bureau of Statistics, 2011c). Many other 
researchers (Feng & Astell-Burt, 2017a; Mavoa et al., 2015; Shanahan et al., 2014; Sugiyama 
et al., 2016) used the SEIFA index to measure the area level socioeconomic circumstances in 
the green space-health studies. 
 
Construction of socioeconomic profile (SEP) for Dhaka and Singapore 
For Dhaka and Singapore, indexes like SEIFA are not available. Therefore, composite 
socioeconomic profiles (SEP) are developed through some sequential and interrelated steps.  
The construction methodology and variables used to construct socioeconomic profiles in Dhaka 
and Singapore was described and mapped in chapter 3. In this analysis, the socioeconomic 
disadvantage profile is used for all of the three cities. The maps of socioeconomic disadvantage 
index are shown in figure 4.10. The neighbourhoods in the three cities were divided in the 
quintile of the level of disadvantaged being 1: most disadvantaged, 5: least disadvantaged. 
From the maps, the opposite socioeconomic pattern of the population is observed for Dhaka 
and Sydney. While the most disadvantaged population was observed in the outskirt 
neighbourhoods of the Dhaka city, these neighbourhoods were occupied by the least 
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4.10 (a) Sydney 
 




























4.10 (c) Dhaka 
Figure 4. 10: Socioeconomic inequality of the neighbourhoods in the three cities measured by 
socioeconomic disadvantage index (larger maps are shown in chapter 3) 
 
Population data 
One of the main focuses of this study is to investigate the degree of socioeconomic inequity in 
the distribution of UGS within each city and to understand whether ageing populations are 
more vulnerable to this inequity because of the impaired mobility. Population data was 
available in age-groups in the census of respective cities but not in consistent groupings, 
therefore, the proportion of the ageing population was computed for each of the neighbourhood 
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by dividing the total number of the bespoke ageing population with the total number of 
population. A subjective and little differences were used to define ‘ageing’ population between 
three cities. In Sydney and Singapore, a 55-year cut-point was used, whereas a 50-year cut-
point was used in Dhaka. The variation in cut-off point was decided based on a kind of 
subjective assessment by considering average life expectancy in the corresponding countries 
as well as the age groupings used in the national census. As one of the main focus in the 
analytical focus was to test the interaction between the proportion of the ageing population, 
other age groups were not included in the model. However, we included population by age 
group to test the sensitivity outside the main models. We also investigated the sensitivity by 
including the percentage of ageing male and the percentage of ageing female instead of the 
percentage of ageing population only.  
 
In addition, the economic growth of the respective countries was taken into account. Studies 
found that economic growth is positively correlated with higher average life expectancy 
(Azomahou et al., 2009; Sunde, 2009). As per the latest world population projections by the 
United Nation, the average life expectancy in Australia, Singapore and Dhaka is around 83, 85 
and 72 years, respectively. The population data were available in census variables at the 
required spatial unit level in each of the city.  
 
The population density was used as another exposure variable. Higher population density may 
mean less UGS nearby overall and per capita (Clos, 2010; Cohen, 2006). The population 
density was measured at the neighbourhood level by dividing the total population with the land 
area of the neighbourhoods in each of the city. All the variables used and source of data are 
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Table 4. 1: The variables, respective measures and source of data in each city 
 





Source of data 
Sydney Singapore Dhaka 
Spatial Extent   UCL boundary Main island DCC 
Neighbourhoods   Statistical area 2 (SA2) Subzones Wards 
UGS 
distribution 
% of UGS Dividing total 
UGS area by 
Total land area 
Parkland 
meshblock 


















The sum of the 
ratios of all 
(maximum 7) 
the park size 
and distance 
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4.2.3 Statistical analysis 
The average values of the key variables for each of the cities were calculated and normality 
checks (Shapiro-Wilkinson test) of the outcome variables (e.g. UGS measures) were analyzed. 
Multiple linear regression models were fitted to assess the degree of association between the 
quintiles of the socioeconomic profiles and the UGS measures at the neighbourhood level, with 
and without adjustment of the covariables. Multiple linear regression was used to assess the 
extent independent variables such as socioeconomic circumstances, percentage of the ageing 
population, population density and interaction among these can predict the dependent variables, 
e.g. UGS measures.  Including other age groups in the model might make the model stronger 
but they were not included in the final model as we were interested to explore the variations in 
the inequitable distribution of UGS with respect to the bespoke ageing group only. A major 
criterion of linear regressions is that the outcome variables needs to be continuous in nature, 
though independent variables can be continuous, dichotomous and/or ordinal variables. Thus 
multiple linear regression models help to determine whether there is a linear association 
between the independent and dependent variables. The strength of the association is measured 
by the regression coefficient, β and corresponding p-value. And the predictability of the 
independent variables is measured by R2 value determined from the model outputs.  
 
Two-way interaction terms were also used to investigate if the ageing population moderate the 
effect socioeconomic circumstances on the UGS availability and accessibility. In regression 
models, the interaction effect occurs when the association between an independent variable and 
the dependent variable is moderated by another independent variable. It helps to understand 
the multiplying effect of two independent variables on the dependent variable. The analyses 
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Spatial statistics: 
Spatial distribution of the UGS was explored by measuring spatial autocorrelation technique 
(Fortin et al., 2014). Specifically, the clusters of UGS was analysed and visualized by using 
Anselin’s local Moran’s I tool in ESRI’s ArcGIS 10.4.1 (ESRI, 2012). This tool estimated the 
strength of spatial autocorrelation between the nearest UGSs by the means of distance decay 
effect in which the distance between neighbouring UGS was measured by the straight line 
(Euclidean) distance (Oliveau & Guilmoto, 2005). The threshold distance between 
neighbouring UGS was the same as those used in calculating accessibility index and PWD 
(2.5km for Sydney and Singapore; 1.05km in Dhaka). This tool calculates local Moran I index 
and associated z-score and p-value for each of the UGS. Based on the z-score and p-values 
generated by ArcGIS, the types of UGS distribution were determined, e.g. clustered (high 
Zscore, p <0.05) or outlier (low Zscore, p <0.05) or random (non-significant) for a 95% 
confidence level.  The results were then mapped by visualizing the ‘hotspots’ of the UGSs 
measured by the clusters of UGS, i.e. highly correlated. The resulting maps are shown in maps 
4.11-4.13. The black dots are highly clustered and green dots are randomly distributed green 
spaces.   
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Figure 4. 11: Spatial distribution (clustering analysis) of UGS in Sydney 
 
 

















Map 4.12: Spatial distribution (clustering analysis) of UGS in Sydney 
           
 
 
146 | P a g e  
 
 








Between the cities: 
Table 4.2 summarizes the key characteristics of the case cities highlighting average population 
density, UGS measures, number and size of the neighbourhoods along with the share of the 
ageing population. Table 4.3 shows the descriptive statistics by the socioeconomic quintiles in 
each city. The study area was much smaller in Dhaka in terms of the number of neighbourhoods 
compared to that in Sydney and Singapore. The average size of the neighbourhoods in Sydney 
was substantially higher than the two other case cities. The overall percentage of UGS is highest 
(17.53) in Sydney and the lowest (4.21) is in Dhaka. On the other hand, the average 
accessibility index was the highest (1.42) in Singapore and the lowest (0.29) in Dhaka. The 
percentage of the ageing population (% of 55 years old and above in Sydney and Singapore 
and 50 years old and above in Dhaka) in Singapore is almost three times larger than Dhaka 
(30.26% vs 10.32%). Dhaka is one of the high dense cities2 in the world which is reflected in 
table 4.2, whereas Sydney has the lowest population density. Thus Sydney and Dhaka contrast 
each other by the population density and the percentage of UGS. This implies a potential 
association between the population density and the availability of UGS. 
Table 4. 2: Descriptive statistics at the city level 
  Sydney Singapore Dhaka 
No of 
neighbourhoods 
214 217 92 
Size (sqKm) 11 (13.8) 1.38 (1.21) 1.45 
(1.47) 
% UGS 17.58 
(17.58) 
5.21 (8.62) 4.3 
(7.05) 
AI 0.97  )3.99 (  1.42  )8.02 (  0.29 
)0.63 (  
PWD (meter) 50 7 )275 (  492   )281 (  432 
)216 (  
 
2 https://www.worlddata.info/megacities.php  
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Within the cities: 
Within the cities, socioeconomically more advantaged neighbourhoods (5th quintile) were 
found to have more UGS available in Sydney in contrast to the UGS provisions in Singapore 
and Dhaka. The accessibility index did not vary much across the socioeconomic quintiles in 
Sydney. In contrast, disadvantaged areas seemed to have higher accessibility in Singapore and 
Dhaka. PWD did not show noticeable variations between the cities as well as within the cities. 
The inequity of UGS distribution can be observed also from the maps of the socioeconomic 
index (map 4.10) and the distribution (map 4.11-4.13). Some ‘hot spots’ were identified in the 
maps in terms of the UGS clusters which are not limited by the boundary of neighbourhoods. 
The hotspots were more conspicuous in the advantaged neighbourhoods in Sydney and in the 
disadvantaged neighbourhoods in Dhaka. In Singapore, few clusters exist in the disadvantaged 
neighbourhoods, otherwise, most of the UGS are dispersed.  Though no strong variations were 
observed in the percentage of the ageing population ( across the socioeconomic quintiles in 
Singapore and Dhaka, advantaged neighbourhoods tend to have a higher share of the ageing 
population (defined by % of 55 years old and above in Sydney and Singapore and 50 years old 
and above in Dhaka) in Sydney. 
 
Regression model results: 
From Table 4.2 and maps presented in figure 4.10-4.13, potential associations between the 
UGS measures and socioeconomic circumstances of the neighbourhoods could be 
hypothesized. Accordingly, multiple regression models were fitted for each of the outcome 
variables in the three cities.  
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Before fitting into linear regression models, as per the assumptions of the linear regression 
models (Norušis, 2006; Osborne & Waters, 2002), the outcome variables (except one) in all 
the three cities were transformed through logarithm or square root transformation to normalize 
as these variables were highly skewed. Table 4.4 shows the difference in normality test result 
before and after transformation. In a few cases, neither of the transformation systems ensured 
the normality (bold and asterisk marks). In those cases, the nearly normally distributed data 
were chosen by plotting the data in the histograms.  
 
Table 4.5a-c shows the regression model results in Sydney, Singapore and Dhaka when the 
percentage of UGS was considered as the outcome variable. In the unadjusted model of Sydney 
(table 4.5a), socioeconomic circumstances were found to have a strong positive association 
with the UGS availability (square root transformed) is statistically stronger in the 
neighbourhoods within socioeconomically upper quintiles (β = 0.625, p<0.05). The results 
indicate that more advantaged neighbourhoods in Sydney have a higher quantity of UGS. The 
availability of UGS is also strongly and positively associated with the proportion of the ageing 
population (β = 0.48, p<0.05). The reduction in the regression coefficient values suggested that 
the socioeconomic inequity might be confounded by either or both of the proportion of the 
ageing population and population density. This indicates a potential interaction between 
socioeconomic circumstances and the proportion of the ageing population (% of 55 years old 
and above in Sydney and Singapore and 50 years old and above in Dhaka). But the interaction 
terms did not show any significant result and therefore not reported.   
 
In Singapore, the association between socioeconomic circumstances and the availability of 
UGS availability was positive in all the quintiles but statistically not significant. Therefore, 
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socioeconomic circumstances of the neighbourhood were very weakly associated with the UGS 
availability in Singapore. On the other hand, a significant (statistical) negative association (β 
=-0.03, p<0.05) between the proportion of the ageing population and the availability of UGS 
(log-transformed) was observed both in the adjusted model (table 4.5 b).  
 
The predictability (adjusted R2) of the regression models was comparatively better in the 
regression models for Dhaka (table 4.5c). A statistically significant negative association 
between the availability of UGS (logged) and socioeconomic circumstances were observed in 
the upper quintiles (β =-1.44 and β =-1.18) and then attenuated a little much in the adjusted 
model. This was contrasting to the association found in Sydney. The availability of UGS did 
not have a significant association with the proportion of the ageing population.  
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Table 4. 3: Descriptive statistics at the city level by the socioeconomic quintiles 
 
Table 4. 4: Normality check (Shapiro-Wilkinson test) of the outcome variables before and after transformation 
 % UGS AI PWD 
 Before After Before After Before After 
Sydney 0.93 (p<0.05) 0.99 (p =0.56) 0.17 (p<0.05) 0.93 (p<0.05)* 0.95 (p<0.05) 0.99 (p =0.62) 
Singapore 0.60 (p<0.05) 0.97 (p<0.05)* 0.15 (p<0.05) 0.93 (p<0.05)* 0.95 (p<0.05) 0.99 (p =0.09) 
Dhaka 0.63 (p<0.05) 0.98 (p=0.14) 0.43 (p<0.05) 0.98 (p =0.16) 0.98 (p =0.15) Not required 
  Sydney Singapore Dhaka 
SES 
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Table 4. 5: Multiple linear regression to investigate the association between the share of green space (%) and quintile of socioeconomic index in three cities 




% of UGS (square root) Unadjusted Model Adjusted Model 
IRSD (ref: most 
disadvantaged) β 
Adj-R2 
(%) 95% CI AIC β 
Adj-
R2 
(%) 95% CI AIC 








3rd quintile -0.158 -0.785, 0.469 -0.16 -0.779, 0.459 
4th quintile 0.147 -0.423. 0.771 0.18 -0.415, 0.77 
Least disadvantaged 0.625 0.096, 1.156 0.51 -0.02, 1.04 
















% of UGS (logged) Unadjusted Model Adjusted Model 
IRSD (ref: most 
disadvantaged) β 
Adj-R2 
(%) 95% CI AIC β 
Adj-
R2 
(%) 95% CI AIC 








3rd quintile 0.474 -0.756, 1.704 0.45 -0.793, 1.68 
4th quintile 0.004 -1.213, 1.22 0.049 -1.219, 1.318 
Least disadvantaged 0.241 -0.98, 1.462 0.361 -0.90, 1.624 
% of ageing population -0.03 2.42 -0.06, -0.005 625.45 -0.03 -0.06, -0.007 






















% of UGS (square root) Unadjusted Model Adjusted Model 
IRSD (ref: most 
disadvantaged) β 
Adj-R2 
(%) 95% CI AIC β 
Adj-
R2 
(%) 95% CI AIC 








3rd quintile -0.752 -1.821, 0.318 -0.672 -1.733, 0.388 
4th quintile -1.438 -2.528, -0.348 -1.711 -2.875, -0.548 
Least disadvantaged -1.178 -2.247, -0.108 -1.374 -2.518, -0.231 
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Table 4.6 (a-c) shows the results of regression models exploring the association between the 
accessibility index and socioeconomic circumstances in Sydney, Singapore and Dhaka. No 
strong socioeconomic pattern was found in the accessibility index (transformed) in the three 
cities except in Dhaka (table 4.6c). In Dhaka, a strong negative association between 
socioeconomic circumstances and accessibility index (transformed) was observed in the 
adjusted model (β =-1.24, p<0.005).  
 
Tables in 4.7 (a-c) show the regression model results in Sydney, Singapore and Dhaka when 
PWD was considered as the outcome variable. Similar to the findings of accessibility index, 
socioeconomic circumstance and the proportion of the ageing population (% of 55 years old 
and above in Sydney and Singapore and 50 years old and above in Dhaka) were found to have 
a statistically non-significant association with PWD except. These mean it is very unlikely that 
socioeconomic circumstances of the neighbourhoods have an effect on the total expected 
distance one would have to travel to access nearest UGS.  Thus, it can be assumed that the 
neighbourhood socioeconomic circumstance is a weak predictor of both measures of UGS 
accessibility.  
 
The percentage of the ageing population showed a significant non-linear association with PWD 
only in Singapore (Table 4.7 b). Considering the adjusted R2 values, all the regression model 
tabulated from 4.5 to 4.7 (a-c) suggested that socioeconomic circumstances and the proportion 
of the ageing population actually manifest a very small fraction of the UGS distribution in the 
three cities. If we ignore statistical significance, the direction of effect on accessibility index 
and PWD was seen opposite to each other. This reflects the theoretically suggested inverse 
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Table 4. 6: Association between accessibility index and quintile of socioeconomic index in three cities 
 





(logged) Unadjusted Model Adjusted Model 
IRSD (ref: most 
disadvantaged) β 
Adj-R2 
(%) 95% CI AIC β 
Adj-
R2 
(%) 95% CI AIC 








3rd quintile -0.122 -0.622, 0.379 -0.112 -0.61, 0.385 
4th quintile 0.043 -0.433, 0.519 0.081 -0.396, 0.559 
Least disadvantaged 0.087 -0.335, 0.509 0.049 -0.378, 0.475 
% of ageing population 0.017 0.65 -0.011, 0.045 635.33 0.005 -0.025, 0.036 













(logged) Unadjusted Model Adjusted Model 
IRSD (ref: most 
disadvantaged) β 
Adj-R2 
(%) 95% CI AIC β 
Adj-R2 
(%) 95% CI AIC 








3rd quintile 0.088 -1.05, 1.22 -0.151 -1.294, 0.991 
4th quintile -0.163 -1.30, 0.97 -0.667 -1.858, 0.523 
Least disadvantaged -0.154 -1.29, 0.98 -0.668 -1.846, 0.510 
% of ageing population -0.09 
0.31 -0.21, 0.23 769.97 -0.103 -0.220, 0.014 
(% of ageing population)2 0.001 -0.0005, 0.003 0.002 -0.0003, 0.004 
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(Logged) Unadjusted Model Adjusted Model 
IRSD (ref: most 
disadvantaged) β 
Adj-R2 
(%) 95% CI AIC β 
Adj-
R2 
(%) 95% CI AIC 








3rd quintile 0.083 -0.726, 0.893 0.264 -0.554, 1.081 
4th quintile -1.305 -2.11, -0.495 -1.241 -2.103, -0.378 
Least disadvantaged -0.577 -1.364, 0.209 -0.507 -1.364, 0.350 











Note: Bold marks are significant at the 95% confidence interval. Model 2 is adjusted for the % of the ageing population and population density.  
 
Table 4. 7: Association between PWD and quintile of the socioeconomic index in three cities 





Distance (square root) Unadjusted Model Adjusted Model 
IRSD (ref: most 
disadvantaged) β 
Adj-R2 
(%) 95% CI AIC β 
Adj-
R2 
(%) 95% CI AIC 








3rd quintile 2.415 -0.506, 5.336 2.513 -0.405, 5.43 
4th quintile 1.892 -0.888, 4.672 2.21 -0.592, 5.012 
Least disadvantaged 1.396 -1.069, 3.861 1.70 -0.801, 4.203 
% of ageing population -0.118 0.47 -0.283, 0.046 1392.33 -0.14 -0.317, 0.036 
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Distance (square root) Unadjusted Model Adjusted Model 
IRSD (ref: most 
disadvantaged) β 
Adj-
R2 (%) 95% CI AIC β 
Adj-R2 
(%) 95% CI AIC 








3rd quintile 0.037 -5.133, 5.209 0.095 -5.058, 5.248 
4th quintile 2.381 -2.789, 7.552 3.40 -1.973, 8.766 
Least disadvantaged 0.825 -4.333, 5.984 2.23 -3.079, 7.545 
% of ageing population 6.05 
3.14 0.08, 1.31 1423.88 0.64 0.109, 1.166 
(% of ageing population)2 -0.012 -0.02, -0.003 -0.013 -0.022, -0.004 













Index  Unadjusted Model Adjusted Model 
IRSD (ref: most 
disadvantaged) β 
Adj-R2 
(%) 95% CI AIC β 
Adj-
R2 
(%) 95% CI AIC 








3rd quintile 19.16 -121.23, 159.55 13.16 -132.42, 158.74 
4th quintile 99.74 -44.73, 244.20 108.17 -50.08, 266.41 
Least disadvantaged 36.27 -104.13, 176.66 45.59 -111.69, 202.87 
% of ageing population 2.29 -1.07 -21.78, 26.37 1253.48 -6.28 -35.34, 22.78 
Population density 4.51E-04 -0.20 
5.37E-04, 
1.44E-03 1252.68 3.90E-04 6.53E-04, 0.001 
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4.3.1 Implication of population density on the UGS distribution 
In each of the above models, the population density was observed to have a robust association 
with the UGS measures except for the PWD in Sydney and the percentage of UGS in 
Singapore. Apart from the association with accessibility index in Singapore, generally, there 
was a negative relationship between population density and UGS measures in all the three 
cities. The implication of population density warranted the authors to conduct an in-depth 
analysis of the association between the population density on the UGS distribution. To do this, 
further regression models were fitted to investigate the level of association between population 
density and the distribution of UGS. In doing so, the population density was categorized as 
low, medium and high levels. The cutoff value for the categories of population density was 
determined from the bivariate scatterplots (figure 4.14 a-c) as to quantify the population density 
at which the effects on UGS distribution changes. The cut-off values for the level of population 
density in each of the case cities are shown in table 4.8 and map 4.13-4.15.  The simple linear 
regression models between each of the UGS measures and the level of population density is 
shown in table 4.9 (a-c) respectively for each of the cities.  
Table 4. 8: Categorizing level of population density in the three cities 
 
Level of Density Sydney Singapore Dhaka 
Low Less than 3500 
(pop/sqkm) (155) 
Less than 15000 
(pop/sqkm) (131) 
Less than 120,000 
(pop/sqkm) (71) 
Medium Between 3500 and 8000 
(pop/sqkm) (55) 
Between 15,000 and 
40,000 (pop/sqkm) (79) 
Between 120,000 and 
200,000  (pop/sqkm) (20) 
High More than 8000 
(pop/sqkm) (4) 
More than 40,000 
(pop/sqkm) (7) 
More than 200,000   
(pop/sqkm)  (1) 

















































































































Figure 4. 16: Classification of the neighbourhoods in Singapore according to the level of population density
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The scatterplots show a conspicuous non-linear association between population density and 
UGS availability (% of UGS) in the Sydney and Dhaka compared to Singapore.  In Sydney, 
after a positive relationship, the trendline of the % of UGS starts to decline when the population 
density reaches 2300 pop/km2 and then again starts to rise from 8000 pop/km2. Above this 
population density, there are only three neighbourhoods, such as Springwood-Winmalee, Potts 
Point-Woolloomooloo and Surry Hills. Particularly the Springwood-Winmalee and Potts Point 
– Woolloomooloo are two neighbourhoods which are intersected with two national parks that 
might have caused a non-linearity in the plot (figure 4.1a). In Dhaka, unlike Sydney, the 
trendline shows a steady negative relationship between the population density and the % of 
UGS from the beginning and remains static from 90,000 to until 120,000 pop/km2 (figure 4.1c). 
The trendline then tends to rise due to the effect of a large public open space (converted from 
a historical place) located within the ward no 25 of the Dhaka south city corporation. The name 
of this historical place is ‘Lalbagh Fort’, an architectural heritage from the Mughal empire. 
This may be considered an outlier. Compared to Sydney and Dhaka, the trendline for Singapore 
(figure 4.1b) is much flatter once the negative relation reaches approximate 15000 pop/km2. 
The pattern depicts Singapore’s balanced approach of high-density cityscape and maintaining 
UGS. 







% of UGS (transformed) Accessibility Index 
(transformed) 
PWD (transformed) 
β (CI) Adj-R2 
(%) 
β (CI) Adj-R2 
(%) 
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-0.16 (-0.55, 0.23) 
-0.69 











% of UGS Accessibility Index PWD 
β (CI) Adj-R
2 
(%) β (CI) 
Adj-R2 















* bold marks are significant at 5% confidence interval 
 
The linear regression models suggest a strong negative association between the availability of 
UGS and population density for the medium density neighbourhoods in Sydney compared to 
the low-density neighbourhoods. Hence, it needs to be noted that the population density is 
comparatively much lower in Sydney.  Whereas this two-way association is weak in Singapore 
and Dhaka where the population density is very high. Within these two highly dense cities, 
however, the association between accessibility index and population density was opposite to 
each other. In the very high-density neighbourhoods of Singapore, the accessibility index has 
a statistically significant positive association with population density whereas significant 
negative association exists in the medium density neighbourhoods of Dhaka. Such differences 
in the outcome resulted from planned and unplanned densification and its effect on the 
accessibility to UGS. On the other hand, population density shows low predictability (adjusted 
R2) for PWD in either of the cities. However, yet again the direction of association with the 
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density was found to be opposite to accessibility index owing to the theoretical foundation and 
mathematical formula of PWD and accessibility index.  
SUMMARY OF FINDINGS 
 
The findings are discussed in the discussion chapter (seven) in detailed. However, a highlight 
of the analysis is summarized here. In this chapter, the existing evidence on the inequitable 
distribution of the UGS was revisited. This is the first study that considered both fixed 
boundary (% of UGS) and flexible boundary-based UGS measures (accessibility index and 
PWD) as outcome variables. This study found socioeconomic inequities exists in the cities with 
contrasting economic development and urban densification, however not in a consistent 
pattern. For example, inequitable distribution occurred in Sydney and Dhaka in the opposite 
way and there was no statistically strong pattern in Singapore. Non-significant results in most 
cases of the UGS accessibility measures might have caused due to the independent variables 
measured by the fixed boundary-based neighbourhoods. The key findings are:  (I) the 
hypothesis that advantaged communities have more green spaces is not mandatory, (II) the 
ageing population can strongly predict the green space distribution; and (III) there are non-
linear relationship between the green space availability and population density; (IV) there are 
potential effects of neighbourhood boundary on the UGS measures. 
 
Strength of the study:  
A key strength was the inclusion of population ageing (defined by the % of 55 years old and 
above in Sydney and Singapore and 50 years old and above in Dhaka) to investigate their 
vulnerability to the inequity in diverse and contrasting geographic contexts in one study. 
However, our study did not find evidence in this regard. Rather, the share of the ageing 
population had an independent strong association with the percentage of UGS in the cities that 
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have an overall high share of the ageing population (e.g. Sydney and Singapore). However, the 
association was opposite in Sydney (positive) and Singapore (negative). Thus, the ageing 
population (% of 55 years old and above in Sydney and Singapore and 50 years old and above 
in Dhaka) is very much likely to be an important factor for planning built environment in cities 
that are experiencing high demographic transition.  Another strength of the study was to 
investigate the potential effect of population density on the distribution of UGS in detail. 
Though it is perceived that population density has a direct negative relationship with the 
availability of UGS, this study found a non-linear relationship in Sydney and Dhaka where 
urban densification is high. However, the non-linearity was also in the opposite direction in 
these two cities owing to the primacy of the city. In addition, this study found a balanced 
trendline between population density and UGS availability in Singapore, which can be 
attributed to its planned densification.  
 
Weakness: 
A key weakness of this study is that inequity was measured only by the quantitative measures 
of UGS whereas benefits for the ageing population can only be realized if the UGS is utilized 
properly. Therefore, the quality of the UGS needs to be investigated along with the quantitative 
distribution. This limitation is addressed in the subsequent chapters. Though flexible boundary-
based measures were included in this study to overcome the limitations associated with ‘edge 
effect’ of the fixed boundary-based neighbourhoods, these measures are not free from the 
question of ecological fallacies or modifiable areal unit problems The use of varying sizes to 
delineate neighbourhoods (spatial units) in three cities was another limitation. However, the 
neighbourhoods were determined based on the best availability of data and information.  
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CHAPTER FIVE: COMPARISON OF THE UGS QUALITY BETWEEN AND 
WITHIN CITIES 
Research question: Do the quality features of UGS that promote social and active ageing vary 
between and within the internationally diverse cities? 
Abstract 
Background 
The evidence on comparing UGS quality and the ageing supporting features between and 
within the high-income and low-middle income countries within a standard framework is very 
scarce.  
Methodology 
To fill this gap, a UGS auditing tool was adapted from the community park auditing tool 
(CPAT) and used in 32 stratified sample UGS in Sydney, Singapore and Dhaka. The quality 
score of the UGS was calculated by responses on 41 green space features and distributed in 
five domains within a sum of 178. Out of these 41 items, 17 items were considered to be 
relevant for activities of the ageing population. Multiple linear regression models were fitted 
to explore the differences of the UGS quality between cities on the overall and domain-specific 
quality scores by adjusting with the size of UGS. Within the city, socioeconomic inequity of 
the UGS quality is measured by the area-level socioeconomic index and adjusted by the 
proportion of the ageing population. Chi-square tests with post-hoc analysis were used to 
measure differences in the ageing friendly features between the cities.  
Result 
The total quality score in Singapore was significantly higher (β=25.06, p<0.01) and 
significantly lower in Dhaka (β=-17.32, p<0.01) compared to Sydney. As modelled individual 
quality domain also, the UGS in Singapore had statistically significant higher scores in the 
accessibility (β =5.63), safety (β =7.03), and landscape quality (β =6.82) domain than Sydney. 
On the other hand, activity space score in Dhaka (β =-5.73) is significantly lower than in 
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Sydney. After dividing the total quality scores into the high, moderate and poor categories, 
most of the high-quality UGSs were found in Singapore compared to Sydney and Dhaka. On 
the other hand, there was no high-quality UGS in Dhaka. However, the proportion of poor 
quality UGS in Sydney is higher than Dhaka. The largeness of UGS was found to be a 
confounder as well as a moderator in the difference of the quality. Availability of ageing 
friendly features such as bike routes, fitness stations, useable benches, picnic facilities, trail 
and absence of incompatibility issues (e.g. poor maintenance) were significantly higher in 
Singapore than two other cities. Socioeconomic patterning of the UGS quality inconsistently 
found a tendency of having higher quality UGS in the advantaged communities in all the three 
cities. There is no direct or moderating effect of neighbourhood ageing profile found on the 
UGS quality. The study found significant inequity of UGS quality between the cities; however, 
inequities within the cities were found more in the amenities and landscape quality domains. 
Based on the findings in Singapore, the planned investment can be attributed to reducing 








The concept of the social and active ageing link health and wellbeing with outdoor activities 
during the ageing process when declining functionality becomes the main concern (Boudiny, 
2013; Van Cauwenberg et al., 2017). Social and active ageing has received enormous 
importance as life expectancy is increasing globally (United Nations, 2019; US National 
Institute of Aging, 2011; World Health Organization, 2017). Further research suggested that 
better health outcomes result from the outdoor activities if undertaken in the natural 
environment such as parks, playground, managed open space, and nature reserves (Astell-Burt 
et al., 2013; Mitchell, 2013; Thompson Coon et al., 2011). These environmental resources 
affect physical and mental health through the promotion of physical activity, social interaction 
and psychological restoration (Hartig et al., 2014; Markevych et al., 2017). Especially, leisure-
time physical activities or LTPA were found to be the strongest mediator of health outcomes 
for the elderly population (Richardson et al., 2013; Van Cauwenberg et al., 2017). However, 
the quality of UGS is vital to attracting potential users (Bedimo-Rung et al., 2005; Kaczynski 
et al., 2008; van Dillen et al., 2012; Van Dyck et al., 2013) such as poor quality green spaces 
may discourage the ageing population from using regularly (Mitchell & Popham, 2007; van 
Dillen et al., 2012). The inequitable distribution of attractive UGS may negatively influence 
the positive experience of the ageing process and raises concern for ‘environmental justice’ 
(Astell-Burt, Feng, Mavoa, et al., 2014a; Jennings et al., 2012; Mitchell & Popham, 2008). 
Thus, the process of social and active ageing can be modified through investing resources in 
the improvement of UGS (Astell-Burt, Feng, & Kolt, 2014a; World Health Organization, 
2017). 
  
Socioeconomic inequity in UGS quality within high income, westernized countries (HIC) has 
been previously studied (Crawford et al., 2008; Engelberg et al., 2016; Rigolon, 2016; Vaughan 
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et al., 2013). In these studies, the quality of urban parks and public open spaces were measured 
through accounting the number and types of amenities and facilities. Although a tendency of 
using subjective perception and focus group discussion could be observed to measure UGS 
quality (McCormack et al., 2010; Ries et al., 2009), several studies to date utilized different 
auditing tools to objectively assess UGS quality, especially when it was concerned about 
assessing the inequity (Crawford et al., 2008; Engelberg et al., 2016; Vaughan et al., 2013). 
Most of these studies unanimously found socioeconomic and demographic inequities in the 
quality of UGS. For example, people of low socioeconomic circumstances and ethnic minority 
have access to low-quality parks and playground (Crawford et al., 2008; Rigolon, 2016; 
Vaughan et al., 2013). However, the counterintuitive result was also reported in the Seattle 
region of the USA (Engelberg et al., 2016).  
 
It cannot be assumed that the results from these studies generalizable to cities in the low and 
middle-income countries (LMIC) like Dhaka in Bangladesh, nor to the cities in East Asian 
countries that are characterised by a very high density (e.g. Singapore). Importantly, the above 
evidence is limited by two important gaps. First, most of the studies are based on high income, 
westernized countries such as USA, UK, Australia, EU countries etc. While most of the LMICs 
are experiencing simultaneous growth in ageing populations, there is a clear lack of evidence 
on the importance of the quality of UGS from those contexts in regards to the promotion of 
better ageing. The quality of UGS within these cities may differ from those in high income 
westernised countries due to different factors, such as contrasting economies, stages of 
progression in the demographic and epidemiological transitions, urban form and approaches to 
urban planning. Secondly, scant empirical analysis has focused on the distribution of the quality 
of UGS within a residential neighbourhood with respect to the proportion of the ageing 
population (Joseph & Maddock, 2016). As the green and open spaces within neighbourhoods 
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are the most accessible to the ageing population, the quality of these spaces supposedly to be 
an important determinant of enabling physical and social activities. This study begins to 
address these gaps by conducting an international comparison of the quality of UGS and the 
local pattern of socioeconomic inequity and the effect of the ageing profile of neighbourhoods 
in the same three cities, i.e. Sydney, Singapore and Dhaka.   
 
Here we need to look into a little detail about what are the factors that are required to develop 
and maintain high-quality UGS. The development of UGS in the city should be a response to 
the demand and aspirations of the people who are going to use these spaces (Marshall & 
Corkery, 2011). However, a reasonable check and balance are required to accommodate public 
responses, the responsibility of which is usually vested upon the local governments, different 
government departments and other stakeholders related to the parkland planning and 
management. For example, a number of challenges were identified by Marshall and Corkery 
(2011) to ensure the perpetuity of the benefits to be accrued from the Western Sydney 
Parklands. These include: determining appropriate values with the UGS  (e.g. environmental 
economic, social, ecological), lack of sense of belongingness among the potential users, 
competing for land use interests, lack of long term funding commitment, weak inter-agency 
collaboration, bureaucratic delays, management and operational uncertainty. The public 
aspiration and expectation from the UGS are, again, influenced by the socioeconomic and 
demographic factors (Wilkerson et al., 2018). For example, the demand of the UGS services 
changes from a source of vegetable to a means of relaxation and aesthetics with the increase of 
family income and rise in the education level (Cilliers et al., 2013; Wilkerson et al., 2018). 
Accordingly, different types of governance, planning and management of the UGS can be 
observed among countries with different level of socioeconomic development. Especially, the 
cities from the LMICs where the urban population still have to deal with the challenges with 
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accessing safe drinking water, quality shelter,  basic healthcare, natural resources (Cilliers et 
al., 2013; Cohen, 2006), provisioning good quality UGS may not be expected on the priority 
list. More importantly, procurement of private land by the government for greater public 
benefits, such as for developing a recreational venue remains still a heated debate in the LMIC 
cities (Freire, 2006).  Therefore, presumably, the UGS quality in Dhaka city would be the 




5.2.1 Data collection and validation 
  
To conduct this analysis, the data of UGS quality was used by collecting through general green 
space auditing tool (GGAT). This tool was an adapted form of the community park auditing 
tool (CPAT). The development of this tool, selection of sample UGS in the case cities, data 
collection, quality scoring method and validation procedure is described in the methodology 
chapter section 3.3.2 (chapter 3).  The same tool was used in all the three cities to compare the 
UGS quality on a unique scale despite there are significant differences in the size, 
characteristics, maintenance and public attitudes to UGS. By doing so, the score for each UGS 
can be comparable to a global standard as well as the local standard. GGAT was developed in 
an online form and the responses were collected in the form of multiple-choice and checkbox 
based on recording ‘what can be seen’ by following the CPAT (Kaczynski et al., 2012). GGAT 
was used once for each sample green space to audit the features within and around the UGS.  
 
The observed data were validated through an inter-auditor reliability analysis given the same 
data were collected by two auditors at the same time. To do this, the on-field raw data was 
cleaned and summarized by the unit of analysis, i.e whether there were benches or whether 
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those are usable for each of the UGS.  As the responses to GGAT were categorical and binary, 
percentage agreement and Kappa statistics (қ) were used to validate the (Kaczynski et al., 
2012).  The criteria for validation are given in table 3.6.  
5.2.2 Developing a composite quality score 
  
The quality of the UGS was quantified in different ways in the HIC based studies as reported 
in the introduction section (5.1). For example, the quality was measured by the GIS-based 
proximity to UGS (Rigolon & Flohr, 2014; Zhou & Kim, 2013), size of UGS (Weiss et al., 
2011; Wen et al., 2013), number of quality items (Crawford et al., 2008; Vaughan et al., 2013), 
and composite score of quality items (Engelberg et al., 2016; Mullenbach et al., 2018). A 
composite score based measurement approach used in this study as it gives a more holistic 
measure of UGS quality by dividing into different domains.   
 
In this regard, a straightforward method was followed as the responses are categorical. One 
point was added for each feature that contributed to a higher quality UGS. For example, the 
aesthetic domain includes 8 items; for the presence of each item, UGS got 1 positive score. In 
contrast, for each feature that lessened the quality of the UGS, one point was deducted from 
the accumulated score. Some of the questions in the audit requested a Yes/No response, for 
example, one accessibility item includes whether the UGS is near a public transit point or not.  
Each ‘yes’ response received 1 point and ‘no’ responses received 0 points. For the Likert 
responses such as for the questions like “how much green space is lit?”, the score was 
distributed in a consistent gradient. For example,  the responses were assigned with  scores 3, 
2.25, 1.5, 0.75 respectively for > 75%, 50-75%, 25-50% and <25% of lighting. Following this 
procedure, each green space received between -16.75 and 178 points from 41 items. Out of the 
total 41 green space quality items audited through the GGAT, seventeen (17) features were 
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considered as ageing friendly features based on the major type of activities in Following the 
scoring method, the sample of green spaces were assessed against an ageing relevant ideal 
score of 116. 
5.2.3 Statistical analysis 
Descriptive statistics are used to visually represent inequity of UGS quality between and within 
the cities. In addition to the descriptive representation, multiple linear regression models were 
fitted to quantify the inequity of UGS quality.  This multi-city model was adjusted by the size 
of UGS to understand the extent UGS size moderates the observed differences within cities. 
The quartiles of the composite socioeconomic profile were used as the explanatory variable 
within. The models were adjusted by the community ageing profile. In addition, the same 
socioeconomic disadvantage profile as used in chapter 4 to investigate the inequity of UGS 
quality within cities.  Also, the same definition of the ageing population was used. The Chi-
square test was used with pair-wise post-hoc analysis to present the difference in the ageing 
relevant UGS features. The reliability analysis, descriptive statistics and regression models 




5.3.1 Comparison of the UGS quality  
The raw composite quality score for each of the sample UGS in the three cities is shown in 
Figures 5.1 (a-c). In Sydney, the lowest score was found in Jubilee park (33.25) and the highest 
score was found in the Greenway sports centre (101.75). The UGS with the lowest quality score 
in Singapore was Jurong west neighbourhood park (68.75) and the highest quality score found 
in Jurong central park (104.25). In Dhaka, the lowest score was found in Hazi Delawar Hossain 
Playground (12) and the highest score was in the Uttara sector no. 3 park (75.5). Average UGS 
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quality scores as found in of each of the cities were shown in figure 5.2 along with average 
scores in individual quality domains. The average quality score was the highest in Singapore 
(84.31, standard deviation:  14.94) and the lowest was in Dhaka (41.93; standard deviation: 
21.17); the average quality score in Sydney was 59.17 (sd: 20.88). For the domain-specific 
scores, the sample UGS in Singapore were observed with higher average scores in the 
accessibility (22.22 out of 32), safety (13.53 out of 22), amenities (29.78 out of 50) and 
landscape quality (13 out of 31) than Sydney and Dhaka; whereas activity spaces received the 
highest average score in Sydney (10.25 out of 43). The UGS in Dhaka received a slightly higher 











BR Bark Huts Reserve 
GSC Greenway sports center 
EP Erlestoke Park 
FP Forrester Park 
GDP Greenway Dog park 
GP Gifford park 
JP Jubilee park 
KP Kings park 
MMP Mortdale memorial park 
OS2 Omaha street open space 
RP Rudd park 
SP Somerville park 
CGP Chinese garden park 
JCP Jurong Central Park 
JWNP Jurong west neighbourhood park 
KCCP Kembagan Community Playground 
SRP Sengkang riverside park 
SSP Sengkang sculpture park 
TBHP Telok banglah hill park 
TBP Tiong Bahru Park 

















5.1 (b) Quality scores of the UGS in Singapore

















5.1 (a) Quality scores of the sample UGS in Sydney
Accessibility Safety Activity space Amenities score Landscape score Total score
 
 





AP Amligola park 
CU Chandrima Udyan 
GuP Gulistan Park 
HDHP Hazi Delawar Hossain Park 
LPG Lalmatia Playground 
OU Osmani Udyan 
ShyP Shyamoli Park 
UL Uttara lakeside  
UP3 Uttara sector 3 park 




Figure 5. 1: Raw quality scores of the sample UGS in all the three cities 
 






















5.1 (c) Quality scores of the sample UGS in Dhaka
Acessibility Safety Activity space Amenities Landscape Total score
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Figure 5. 2: Comparison of the average green space quality score (overall and by domain). 
 
5.3.1.1 Level of UGS quality  
 
Based on the quality scores, the sample UGSs were categorized as low, moderate and high 
quality in a homogeneous scale. Figure 5.3 shows the distribution of UGS quality categories in 
the three cities.  Most of the high-quality UGSs were found in Singapore whereas green spaces 
in Dhaka tended to be of lower quality. In Sydney, most of the sample UGS were of moderate 
quality along with the presence of high quality and poor quality UGS. High variability among 






























































Figure 5. 3: % of sample green spaces of different level of qualities in the three cities.  
(High quality score >=73.5; Moderate quality score: 51.76-73.5; Poor quality score: 12-51.75) 
 
5.3.1.2 Regression model results  
 
Apart from the descriptive statistics, the differences in the UGS quality between the cities were 
further investigated by fitting separate regression models for the total quality score as well as 
domain scores at a 95% confidence interval. The results of the regression models are shown in 
tables 5.1. Sydney was included as the reference city to compare the UGS quality of Singapore 
and Dhaka. Model 1 for each quality outcomes manifested simple regression models with 
single independent variables, e.g. cities and the size of UGS. The models were adjusted by the 
size of the UGS. Because of the large variability in the size of UGS, it was normalized through 
logarithm transformation. The adjusted model (model 2, table 5.1) suggests that total quality 
scores of the sample UGS in Singapore were significantly higher than in Sydney by 19.64 
scores. In contrast, though statistically not significant, the quality scores of the UGS in Dhaka 
were 15 scores lower than Sydney. As modelled individual quality domain also, the UGS in 
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=7.03), and landscape quality (β =6.82) domain than Sydney. On the other hand, activity space 
score in Dhaka (β =-5.73) is significantly lower than in Sydney.   
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Table 5. 1: Regression model to compare the differences of the UGS quality score between the cities and the potential role of green space size. 
 
Outcome variables  
(Separately 
modelled) 
Model 1, β (CI) 
(ref: Sydney) 
Model 2, β (CI) 
(ref: Sydney) 
Model 3, β (CI) 
(ref: Sydney) 
Singapore Dhaka Size 
(logged) 
Singapore Dhaka Size 
(logged) 
Singapore Dhaka Size 
(logged) 
Size*City 
          Singapore Dhaka 
Total score 25.06   




























































































































































































β: regression co-efficient, CI: Confidence Interval 
 
*Co-efficient shown in bold texts are significant at p<0.05 
*Model 1 includes city and the size of UGS individually  
*Model 2 is adjusted by the size of UGS 





182 | P a g e  
 
5.3.1.3 Association with the size of UGS  
 
By comparing model 1 with model 2, the size of the UGS was found to be a statistically strong 
explanatory variable for the total quality score of the UGS; mainly because of stronger 
association with amenities and landscape quality as found in the adjusted models. The 
statistical association suggests that 1% increase in the size of UGS, the total quality score of 
the UGS increases by 0.03, amenities score by 0.016 and landscape score increases by 0.008 
while holding the cities constant (Yang, 2012). However, the interaction between the city and 
the size of UGS suggested that this association was not true for every city. The interaction 
terms suggest (model 3, table 5.1) that the size of UGS moderated the association between 
cities and the total score, safety and activity space score. Accordingly, an increase of 1% in the 
size of UGS significantly reduces the total quality scores by 0.074, safety and activity space 
scores in Singapore (by 0.34 and 0.39) and Dhaka (by 0.27 and 0.32) compared to that in 
Sydney. 
 
5.3.2 Comparison of the ageing friendly UGS features 
A wide array of UGS features were audited through the GGAT. However, some features 
seemed potential to be used more by the elderly population. Accordingly, seventeen of the 
audited UGS features were identified from the GGAT items that were considered as ageing 
friendly features. These features were selected based on the observation in the UGS as well as 
physical activity behaviour related studies (Gidlow et al., 2012; Van Dyck et al., 2013; Veitch 
et al., 2015). Table 5.2 presents differences in the availability of these features in the three 
cities. Of these seventeen features, significant differences were observed in the availability of 
five types of UGS features. The pairwise analysis suggests also the UGS in Singapore were 
significantly different than two other cities for having a higher number of these five features in 
the sample UGS. These features are the availability of bike route, fitness stations, useable 
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benches, picnic facilities, trail and absence of incompatibility issues (e.g. presence of graffiti, 
vandalism etc). However, UGS in Dhaka were found to have comparatively higher useable 
trails than Sydney.    















Ageing friendly features (% of green spaces), Fisher’s Exact test 
Entry points (3 or more) 83.33 88.89 50.00 0.142  
Bike route 16.67 100.00 0.00 <0.005 Singapore* 
Mixed residential use 50.00 55.56 40.00 0.819  
No safety issues in 
neighbourhood (e.g. 
graffiti, vandalism, etc) 
16.67 55.56 20.00 0.169 
 
More than 75% night light 
coverage 16.67 11.11 0.00 0.613 
 
Soccer field 16.67 55.56 20.00 0.169  
Cricket field 41.67 0.00 40.00 0.06  
Unrestricted dog walk 8.33 0.00 0.00 1.00  
Tennis facilities 25.00 0.00 0.00 0.09  
Fitness station 0.00 88.89 10.00 <0.005 Singapore* 
Usable public restroom 58.33 55.56 30.00 0.398  
Useable drinking fountain 66.67 55.56 20.00 0.08  
Useable benches 83.33 100.00 70.00 0.278  
Useable picnic facilities 25.00 66.67 0.00 <0.005 Singapore 
Useable trail 25.00 100.00 60.00 <0.005 Singapore, Dhaka 
More than three aesthetic 
items 8.33 33.33 30.00 0.309 
 
No incompatibility issue 33.33 44.44 0.00 <0.005 Singapore 
 
Figure 5.4 shows the difference in the average ageing relevant UGS quality scores by domain 
between the cities. The figure shows a similar pattern as found in the total quality scores (figure 
5.2). The highest average ageing relevant quality score was found in Singapore resulted from 
the highest average scores in all the domain except activity spaces.  
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Figure 5. 4: Comparison of the average ageing relevant green space quality score (overall and by domain) 
 
5.3.3 Socioeconomic inequity in the total UGS quality (Within cities) 
Figure 5.3 shows the comparative scenario of the socioeconomic inequity of the UGS quality 
within the individual case cities. From the graphs, the UGS quality initially tends to be lower 
in Sydney but went higher for the advantaged neighbourhoods. A mixed pattern of 
socioeconomic inequity was observed for the individual quality domains. In Singapore, the 
pattern was more like zigzag across the socioeconomic quartile except for the accessibility and 
safety scores. However, the overall quality tends to be higher in the more advantaged 
neighbourhoods in Singapore too. Especially, the amenities and landscape quality scores were 
relatively higher in the UGS located within advantaged neighbourhoods compared to the most 
disadvantaged neighbourhoods in both of the HIC cities. Compared to HIC cities, lower quality 
UGS were consistently found in the most disadvantaged neighbourhoods in Dhaka for the 
overall quality as well as the individual quality domains. However, a similarity between Dhaka 









Accessibility Safety Activity spaces Amenities Landscape Total ageing
friendly score




185 | P a g e  
 
quartile as compared to Sydney. While the UGS quality was found higher in the second quartile 












































Socioeconomic circumstances of neighbourhoods 
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To quantify the socioeconomic inequity of the UGS quality in addition to graphical 
representations, a series of multiple linear regression models were fitted and shown in tables 
from 5.3-5.8. The quartile of the socioeconomic index was included as the main independent 
variable to explain the total quality score of the UGS as well as for each of the domain scores 
in the models (outcome variable). The models were adjusted by the proportion of the ageing 
population in the neighbourhood. The model results suggest that except for the accessibility 
quality score (unadjusted) in Dhaka and amenities score in Singapore, no statistically 
significant (p<0.05) inequity of UGS quality could be observed.  
Table 5. 3: Linear regression model to explore socioeconomic inequity of total UGS quality score, 




coefficient β (CI) 
Singapore,  
coefficient β (CI) 
Dhaka,  
coefficient β (CI) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
SES quartile (ref: most disadvantaged) 





























































* Model 1 is simple regression model, model 2 is adjusted by the % of ageing population 
 
Table 5. 4: Linear regression model to explore socioeconomic inequity of accessibility score, adjusted by 










Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
SES quartile (ref: most disadvantaged) 
















































0.41 (-1.68, 2.5) 
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Table 5. 5: Linear regression model to explore socioeconomic inequity of safety score, adjusted by the 









Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
SES quartile (ref: most disadvantaged) 
































































* bold number is significant at 5% confidence interval 
* Model 1 is simple regression model, model 2 is adjusted by the % of ageing population 
 
 
Table 5. 6: Linear regression model to explore socioeconomic inequity of activity space score, adjusted by 










Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
SES quartile (ref: most disadvantaged) 






























































* Model 1 is simple regression model, model 2 is adjusted by the % of ageing population 
 
 
Table 5. 7: Linear regression model to explore socioeconomic inequity of amenities score, adjusted by the 









Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 

























4 3.67 (-11.76, 







































* bold number is significant at 5% confidence interval 
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Table 5. 8: Linear regression model to explore socioeconomic inequity of amenities score, adjusted by the 










Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 

































































* bold number is significant at 5% confidence interval 
* Model 1 is simple regression model, model 2 is adjusted by the % of the ageing population 
 
In addition to the inclusion of the quartile of the socioeconomic index, socioeconomic index 
was included as a continuous variable (SES continuous) in separate models but reported in the 
same tables. However, no significant changes were observed because of the differences in the 
representation of the main independent variable.  
 
Ageing population as a confounder 
In most of the adjusted models (model 2), statistically significant confounding effects of the 
ageing neighbourhoods were observed except for a few cases. For the accessibility scores (table 
5.4) in Dhaka, the adjusted model suggests the potential confounding effect of the ageing 
population in the neighbourhoods. The ageing profile of the neighbourhoods significantly 
confounds the safety score in the second socioeconomic quartile compared to the most 
disadvantaged neighbourhoods in Dhaka. The confounding effect of the ageing population was 
found on the amenities scores in Singapore for the least disadvantaged neighbourhoods. We 
fitted interaction terms between the ageing population and socioeconomic quartile to 
understand the potential moderating effect but the interaction term was not significant. While 
the UGS quality was higher in Singapore than two other cities, no strong pattern in the 
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socioeconomic inequity of the green space quality found from the model results. Therefore, it 
can be said based on our sample UGS that neighbourhood-level socioeconomic status, as well 
as the proportion of the ageing population, could not explain much about the distribution of 
UGS quality, especially in Singapore. 
SUMMARY OF FINDINGS 
 
Strength of the study: 
Understanding the objective assessment of UGS quality is important to support evidence-based 
UGS planning to promote engagement of the ageing population. This study investigated 
variation in the quality of UGS in support of active ageing between and within diverse city 
contexts. The research was preceded by an assumption that UGS in the HICs should be of high 
quality than LMICs. Thus, the comparison of the UGS quality measured by a consistent scoring 
system in diverse and contrasting contexts was a key strength of this PhD research study. The 
study found significant variations between the case cities both in overall and ageing relevant 
UGS quality. Especially, the UGS in Singapore were found significantly different than two 
other cities in regards to the general quality score as well as ageing friendly features. Though 
both Singapore and Sydney are cities from HICs, this study found green spaces in Singapore 
to be significantly higher quality than Sydney. Thus, the richness of a country does not correlate 
the quality of neighbourhood UGS (e.g. Sydney) rather concerted planning effort with 
particular focuses (e.g. Singapore and Dhaka) deemed to be the crucial element that can reduce 
the gap in the quality of UGS between the cities.  
 
Previous studies found the effect of size on the green space attractiveness and usability (Lam 
et al., 2005; Schipperijn et al., 2010; Sugiyama et al., 2010). However, it was not well 
documented to what extent the size affects the overall quality of the green space in diverse 
international contexts. Though this study finds the confounding effects of the size on the overall 
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quality between cities, size mainly affected the quality score in regards to the safety issues (e.g. 
maintenance, lack of incompatible issues) and activity spaces (e.g. different sports facilities). 
Therefore, issues that are relevant for attenuating healthy behaviour of the ageing population 
such as the amenities, accessibility, landscape qualities are independent of the size in Singapore 
and Dhaka. Based on the findings, a recommendation can be made for a city like Dhaka to 
vitalize smaller and underutilized green spaces in the neighbourhood through design 
intervention (Rupprecht & Byrne, 2018; Wolch et al., 2014).   
 
The weakness of the study 
While this study conducted a  comparison of the UGS quality between three cities, it did not 
find robust statistical evidence on the socioeconomic inequity of the UGS quality as well as 
the effect of neighbourhood ageing profile within the city. The main reason behind this 
observation may be the lack of an adequate sample of UGS from each of the socioeconomic 
stratum. This was a weakness of the study given the objective to assess inequitable distribution. 
However, the multi-country study was optimally designed within tight time and financial 
resource.  Moreover, the presence of the ageing population in the neighbourhood might be a 
less important factor that governs designing neighbourhood UGS. Another important weakness 
of this study was not comparing the quality according to the classification of UGS, such as an 
urban park, regional park, heritage park etc.  This is because of the random selection process 
from the spatial database. To overcome this shortcoming, the size of the UGS was adjusted in 
the regression model to compare the quality of UGS between the cities.  
 
Beyond the statistical robustness, a commonality was found in Sydney and Dhaka in terms of 
having lower quality UGS in the disadvantaged neighbourhoods. In contrast, the advantaged 
communities were likely to have a higher number of amenities and landscape elements. 
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Amenities (e.g. restroom, water fountain, picnic facilities, benches, etc) and landscape quality 
(trees, trail, water feature, etc) are important elements to attract ageing users. Especially, the 
good quality landscape has a high restorative environment that most likely encourages the 
ageing people to use them (Abraham et al., 2010; Giles-Corti et al., 2005; Velarde et al., 2007). 
Thus, higher availability of these features in socioeconomically richer areas presumably raise 
inequity in the social and active ageing process both in HICs and LMICs 
 
Having studied the differences of quality both between and within the international cities, the 
next question arises whether there is an association between the UGS quality and the level of 
activities that can be considered as the proxy of social and active ageing. This is what explored 
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CHAPTER SIX: EFFECT OF UGS QUALITY ON THE PROMOTION MORE 
SOCIAL AND ACTIVE AGEING IN THE DIVERSE INTERNATIONAL CONTEXT 
Research question: To what extent the association between ageing relevant UGS quality and 
level of activities vary internationally and locally?  
Abstract 
Introduction: Despite there is evidence on the health and wellbeing benefits of the UGS, there 
is substantial lack of research in international comparison on what qualities are most important 
and whether those qualities yield have similar benefits in different places. This study aims to 
reduce the gap by conducting such a study in the three case cities.  
Methodology: Two tools were adapted respectively to audit the activities and quality of UGS 
users in stratified sampled thirty-two (32) UGS in 2017. Descriptive statistics, Chi-square test 
and Poisson regression models were used to analyse the relation between ageing relevant UGS 
quality and level of outdoor recreation both between and within contextually three diverse cities 
by considering the socioeconomic circumstances and the proportion of the ageing population 
in the neighbourhoods.  
Result: Ageing users of the UGS (defined from posture and appearance) were more common 
in Singapore (41.67%), followed by Dhaka (39.52%) and Sydney (25.22%). The regression 
models suggest that the ageing relevant total quality of the UGS was associated with sedentary 
(β=0.02, p<0.005) and walking activities (β=0.034, p<0.005) when the differences of cities 
were taken into account. Adjustment of the cities, however, resulted in an insignificant 
association between ageing relevant UGS quality and the vigorous level of recreations mainly 
because of a counterintuitive result found in Singapore. When the individual quality domain 
was included as independent variables, both sedentary and walking types of activities were 
significantly associated with only safety scores. On the other hand, vigorous activities of the 
ageing population had a statistically significant association with ageing relevant accessibility 
score, safety score and landscape quality score in the unadjusted models. As the analysis 
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‘within cities’ was conducted, ageing relevant UGS quality was associated with all three levels 
of activities in Sydney being safety and landscape quality was a particularly most important 
contributor. There was no such association in Singapore for the overall quality. However, 
amenities and landscape quality were found to have some relation with moderate and vigorous 
activities whereas activity spaces had a negative association. In Dhaka, the overall quality was 
associated with the only sedentary activities. However, the safety score was positively 
associated with sedentary and walking activities, and negatively associated with vigorous 
activities. Landscape quality was positively associated with vigorous activities in Dhaka. 
‘Within city’ analysis also indicated that the ageing population in advantaged neighbourhoods 
with a higher percentage of the ageing population tend to participate more in different activities 
in Sydney and Dhaka, but not in Singapore. In Singapore, the ageing population living in the 
lower socioeconomic neighbourhood was more engaged in vigorous activities.   
Discussion: These findings suggest that neighbourhood UGS quality is associated with 
different level of recreation activities, though not in a similar way everywhere nor every aspect 
of the quality is equally important.  Except in Singapore, the ageing population in the 
advantaged neighbourhoods of Sydney and Dhaka tend to be more engaged in different 
activities. As the UGS could be potential health resources for the low-income population, 
investment of resources needed in the most disadvantaged areas to renovate existing or develop 
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6.1 INTRODUCTION  
 
Outdoor recreational activities of the ageing population can be linked with the activity theory 
of the ageing population. The activity theory of the ageing population purports a positive 
relationship between the level of social and leisure activities and increased life satisfaction 
(Adams et al., 2011; Knapp, 1977). The theory was originally proposed by a gerontologist 
named Robert J Havighurst in 1961. However, the theory was later refined, tested and validated 
by different researchers through longitudinal data analysis in different countries (Knapp, 1977; 
Silverstein & Parker, 2002). Redevelopment of the theory classified the recreation activities 
into three major types, such as informal activities that include social interaction with 
neighbours, friends and relatives, activities within formal groups and organizations, and lone 
indoor activities (Silverstein & Parker, 2002). However, research findings suggested that 
informal recreation activities were more associated with the wellbeing of the elderly population 
(Silverstein & Parker, 2002). Leisure time activities improve the wellbeing and were rated as 
one of the most important determinants for the quality of life for the ageing population 
(Lardies-Bosque et al., 2015; Singh & Kiran, 2014). Although the level of satisfaction achieved 
through the involvement in recreation activities may be invariant for people of all ages, the 
ageing population was found to be more benefitted from the outdoor recreation activities 
because of the declining physical and social functionality (Sarkisian et al., 2005; Silverstein & 
Parker, 2002; World Health Organization, 2017). The key benefits of the recreational activities 
for the ageing population include the promotion of physical health, as well as opportunities for 
social interaction, utilizing skills and talents as well as sharing ideas (Singh & Kiran, 2014).  
 
 
The proportion of the population aged 60 and over will be above 30% in both high-income 
countries as well as several of the low and middle-income countries by 2050 (World Health 
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Organization, 2015). This conspicuous demographic transition poses multiple challenges for 
the policymakers and requires a living environment to support the social and active ageing.  
Social and active ageing can be defined as the process of enabling ageing people to perform 
usual social, economic and physical activities, without stigmatising the ageing process and 
perpetuating social isolation (Miles, 2007; Warburton et al., 2006; World Health Organization, 
2010b). There is evidence that urban green spaces (UGS) such as parks, playground, managed 
open spaces, and nature reserves improve physical and mental health through the promotion of 
physical activity, social interaction and psychological restoration (Hartig et al., 2014; 
Markevych et al., 2017). Given the concern of declining functionality among the ageing 
population, numerous studies have reported potential beneficial effects of social and physical 
activities on health and wellbeing of the ageing population (Astell-Burt et al., 2013; Mitchell, 
2013; Richardson et al., 2013; World Health Organization, 2017). Consequently, elderly people 
were benefitted from accessing UGS both socially and physically as reported in several studies 
(Kemperman & Timmermans, 2014; Payne et al., 1998; Van Cauwenberg et al., 2018). 
 
Existing studies found positive associations between the UGS and the level of physical 
activities by focusing on the importance of proximity or accessibility (Cohen et al., 2007; Sturm 
& Cohen, 2014) and quantitative availability (Bixby et al., 2015; West et al., 2012). There is 
evidence on the negative relationship also (Hillsdon et al., 2006), though not much. However, 
the beneficial use of the UGS was factored by the functional quality of the UGS and the 
surrounding environment in addition to the quantitative availability (Astell-Burt, Feng, Mavoa, 
et al., 2014b; Bedimo-Rung et al., 2005; Mavoa et al., 2015; van Dillen et al., 2012; Vaughan 
et al., 2013). Accordingly, highly attractive UGS encourage more people to actively engage in 
those spaces, which in turn positively affect the health outcomes (Giles-Corti et al., 2005; 
Mullenbach et al., 2018). In contrast, the UGS with poor quality deter this population from 
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actively using the spaces (Mavoa et al., 2015; Sugiyama et al., 2017). Different researchers 
used different methods to assess the functional quality of UGS in relation to the use of UGS 
for physical and social activities. For example, the quality of UGS was measured by the 
subjective perception (Costigan et al., 2017; Ries et al., 2009; Schipperijn et al., 2013), 
objective auditing tool (Floyd et al., 2008; Van Dyck et al., 2013; Veitch et al., 2015), and by 
composite quality score (Mullenbach et al., 2018). However, the evidence on the importance 
of quality domains (such as accessibility, safety, amenities and so on ) on different types of 
activities within a single study is not much. 
 
Based on the above discussions, it was hypothesized that the quality of UGS could be a strong 
predictor for the outdoor recreational activities of the ageing population pertinent to social and 
active ageing. However, there are few but important shortcomings to generalize the findings as 
described in the above paragraphs. First and foremost is the geographical biases of the existing 
studies. A majority of the studies cited above are conducted in the cities from developed and 
western countries, such as in the USA (Floyd et al., 2008; Van Dyck et al., 2013), Europe 
(Mitchell, 2013; Schipperijn et al., 2013), Australasia (Crawford et al., 2008; Veitch et al., 
2015) etc. Second, there are not plenty of studies that particularly investigated the relevance of 
UGS quality for outdoor recreational activities among the ageing population (Van Cauwenberg 
et al., 2018). There is a substantial lack of evidence about how UGS is used by the ageing 
population in the low and middle-income countries (LMICs) as well as the high density Asian 
cities, while these countries are also experiencing demographic, epidemiologic and urban 
transitions (US National Institute of Aging, 2011; World Health Organization, 2007). Third, 
the socioeconomic implications of physical activity behaviour were reported in several studies 
(Sugiyama et al., 2017; Turrell et al., 2010). However, few studies considered all three facets 
of UGS (quality, activity and socioeconomic implications) concurrently (Jones et al., 2009; 
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Veitch et al., 2015), especially with respect to the ageing population in the cities. It is also not 
adequately known the extent by which the quality of UGS exerts influences on the engagement 
of the ageing population in a high-density urban environment (Cerin et al., 2013; Pleson et al., 
2014) as well as in the milieu of stringent implementation of UGS planning, such as Singapore 
(Yuen, 1996b). Research on how people use and experience the UGS when those are available 
in quantity and higher amenities could provide an important insight into the existing stock of 
knowledge. Thus, a standard comparison of the association between UGS quality and social 
and physical activities among ageing people and how this association may be modified by 
socioeconomic circumstances of the neighbourhood in different geographical contexts was 
warranted.  
  
To fill the research gaps as identified in the previous section, this study aims to answer (i) 
whether the association between UGS quality and the level of outdoor recreations of the ageing 
population vary by diverse international contexts. In addition, the research also aims to answer 
whether there are socioeconomic implications in the level of activities. In this study, the ageing 
population was referred to the population who have already entered into the middle age of life 
and who are still in the workforce (Marešová et al., 2015; World Health Organization, 2007). 
The ageing population is determined through the observed appearance of UGS users.   
6.2 METHODOLOGY  
 
6.2.1 Statistical analysis and selection of model 
Descriptive statistics were used to present differences in the key characteristics of the 
contrasting study area contexts as well as the level of recreational activities across 
socioeconomic strata (within the cities). Pearson’s Chi-square test was conducted to investigate 
whether the level of outdoor recreation varies between age groups. Since the outcome variables 
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were count data, both negative binomial and Poisson regression models were considered 
(Gardner et al., 1995; West & Aiken, 2009) to investigate the association with UGS quality 
between the city. In addition, zero-inflated extensions were considered as there are about 10-
15% zero counts observed in each level of the activities. After assessing the over-dispersion 
parameters in addition to the model specification criteria (e.g. likelihood ratio test and Bayesian 
information criteria), Poisson regression models were finally selected to investigate 
associations between social and active ageing and green space quality, adjusting for potential 
confounders. These models were fitted with robust standard errors to correct standard errors 
for the clustering of multiple parks within geographic areas. Interaction terms were fitted 
(Desai & Begg, 2008; Williams, 2000) to investigate whether overall associations between 
activity variables and park quality were consistent or varied between cities. City-specific 
models were used to examine potential effect modification of associations across within-city 
strata of socioeconomic circumstances. Following variables were used for the quantitative 
analysis: 
 
Outcome variable: Outdoor recreation activities  
This variable consisted of counts of people determined by retirement age or older within each 
of the parks in the sample. These counts were stratified according to engagement in activities 
categorized as ‘sedentary’, ‘walking’ and ‘vigorous physical activity’ based upon observations. 
‘Sedentary’ activities can be found mostly for different types of socializing and relaxing 
activities. On the other hand, walking and vigorous types of activities were termed as moderate 
to vigorous activities in other studies. Level of activities was audited by the PGAT tool through 
multiple observation periods in the same UGS.  
 
Predictor variables: park quality scores 
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Ageing relevant quality scores were calculated for each of the UGS based on the audited data 
collected by the GGAT. Out of the total 41 quality features audited through the tool, seventeen 
(17) features were considered as ageing friendly features based on the major type of activities 
in the sample UGS as observed in the three cities. These features were considered to be relevant 
for ageing activities having supported by other studies also (Gidlow et al., 2012; Van Dyck et 
al., 2013; Veitch et al., 2015). The sample UGSs were assessed against a maximum composite 
score of 116, calculated through a straightforward scoring method. The scoring method was 
described in chapter three in detail. In summary, the score was generated by assigning 1 point 
for each ‘Yes’ response and 0 points for ‘No’ response in the auditing tool. In addition, 1 point 
was added for responses on positive quality and 1 point was deducted point for each negative 
quality; for the multiple responses in a quality feature, points were equally distributed.  Few 
studies put weight either on the variables (Becker et al., 2017) to construct a composite index 
or on the domains (Gidlow et al., 2018) to compare between UGS. Since this study did not aim 
to develop a composite score, variable weighing was not followed. Rather, this one-size-fits-
all scoring system was used to make ease the international comparison.  
  
Covariates 
Cities were used as a categorical variable to find differences between the cities. The quartile of 
composite socioeconomic profiles of three cities was used to investigate socioeconomic 
variations in the level of outdoor recreation/activities performed by the ageing population 
within each city. The proportion of the ageing population (%) in the neighbourhoods where the 
sample UGS was located was also used as a covariable. As discussed in chapter three, the use 









Table 6.1 presents the differences in key contextual characteristics within which the sample 
UGSs were audited. In total, thirty-two (32) green spaces of different sizes were audited in the 
three cities.  The number of sample UGS in the sample was slightly higher in Sydney (12) 
compared with Singapore and Dhaka (10 each). The study was conducted during the summer 
in all three cities. The highest average temperature was observed in Dhaka (29.3 degrees 
Celsius) and lowest in Sydney (22.5 degrees Celsius). The highest average humidity was 
observed in Singapore (78%). Auditing was successfully completed during 87% of the total 
targeted observation periods. The highest completion rate was in Sydney. Different 
unavoidable factors influenced data collection such as weather, availability of public transport 
(in Singapore and Dhaka), resulting in some parks being unobserved. While the highest ageing 
users were observed during afternoon/evening period in Sydney, their presence was highly 
observed during the morning session in Singapore and Dhaka. The auditing time to assess the 
quality (adapted CPAT tool) did vary by the size of the green spaces. On average, it took 25 
minutes in Sydney, 17 minutes in Singapore and 15 minutes in Dhaka. 
Table 6. 1: The contextual characteristics in the three cities 
Variables Sydney Singapore Dhaka 
Green spaces 12 10 10 








Target areas 22 15 14 
Expected number of observation periods 72 60 60 
Total observation periods  71 (99%) 51 (85%) 45 (75%) 
Simultaneous observations** 246 124 114 
Average temperature during the study period 22.5 28.7 29.3 
Average humidity (%) during the study period 66 78 69 
% of ageing users in the morning session 25.93 42.15 48.33 
% of ageing users in the afternoon session 41.45 21.62 19.17 
% of ageing users in the evening session 32.62 36.22 32.50 
Average time to complete auditing in minutes 
(highest, lowest) 25 ( 58, 10) 17 (25, 12) 15 (27, 12) 
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**Simultaneous observations: Total number of observations by both auditors at each target areas 
throughout different times of the day.  
 
6.3.1 Demographic pattern of UGS users and activity level 
Singapore had the highest percentage of UGS users classified as ageing at 41.67%, followed 
by Dhaka (39.52%) and Sydney (25.22%). However, overall the highest users were observed 
in Dhaka followed by Singapore and Sydney (Figure 6.1). Among the sample ageing users, the 
proportion of the male population was comparatively higher than female across the three cities.  
 
Figure 6. 1: The proportional share of the ageing population by gender 
 
Table 6.2 compares the proportion of ageing users engaged in different types of recreation 
activities in all the sample UGS in three cities. The activities were categorized based on the 
auditing results. The activities which were related to fitness such as walking, jogging/exercise, 
running, cycling and so on were the dominant types of activities among the ageing population 
in all the three cities. Among the three cities, the ageing population in Singapore (67.70%) 
appeared to be more conscious about fitness followed by the ageing population in Dhaka and 
Sydney. In Australia, the second highest type of ageing activities was found in different types 


















Sydney (n= 1451) Singapore (n= 2490) Dhaka (n= 5071)
% Ageing % Male (ageing) % Female (ageing)
 
 
203 | P a g e  
 
of the ageing population was found in relaxing or socializing type of activities in Singapore 
(28.47%) and Dhaka (38.44%) compared to Sydney. Tai chi, a popular type of group exercise 
found both in Sydney (1.14%) and Singapore (3.01%). On the other hand, 8.14% of users were 
found as residents in temporary shelters in the green spaces in Dhaka.  
Table 6. 2: Pattern of different activity types by the ageing population in three cities 
 
* Spectators were included in the sample if they were in the parks 
The types of recreation activities were then grouped into three levels of activities (e.g. 
sedentary, walking and vigorous physical activity) in order to make a better comparison 
between and within the cities. The spectators of different organized activities were included in 
the sedentary activities. Based on the chi-square test result (shown in table 6.3), the level of 
activities significantly varied between the age groups (ageing and younger) in all the three 
cities. Nevertheless, the difference is very low for walking (15.60 vs 19.78 %) and vigorous 
(15.16 vs 18.90 %) type of activities in Singapore. In Dhaka, more ageing users (19.40 %) were 
engaged in walking than younger (11.14%) counterpart.  






Athletics 3.7 Not found Not found 
Dog walk 1.57 Not found Not found 
Fitness (e.g. walking, exercise, running, 
li ) 
33.48 67.70 44.83 
Informal settling (homeless people) Not found Not found 8.14 
Picnic/BBQ/Dineout 1.00 Not found 1.85 
Relaxing/Socializing 2.28 28.47 38.44 
Sports (badminton) Not found Not found 1.04 
Sports (basketball) 2.71 0.18 Not found 
Sports (chess) 0.28 Not found 1.40 
Sports (cricket) 7.41 0.18 1.30 
Sports (football) 2.85 0.36 1.50 
Sports (rugby) 27.21 Not found Not found 
Sports (tennis) 2.71 Not found Not found 
Tai Chi 1.14 3.01 Not found 
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Table 6. 3: City-specific differences in the pattern of the activity level by age group 
  Sedentary Walking Vigorous χ 2  p-value 
Sydney (%) 
Ageing 7.94 11.11 3.17 7.93 <0.001 
Younger 30.95 19.05 27.78 
Singapore (%) 
Ageing 7.69 15.60 15.16 14.92 <0.001 
Younger 22.86 19.78 18.90 
Dhaka (%) 
Ageing 17.52 19.40 2.88 98.24 <0.001 
Younger 33.54 11.14 15.52 
* Significance level is measured at 5% confidence interval 
 
6.3.2 Pattern of association between ageing relevant UGS quality and the level of activities 
6.3.2.1 Descriptive pattern 
 
Investigation of the association between the ageing relevant quality score of UGS and level of 
recreation activities started with two way scatter plots both at the aggregated level and 
individual city level.  The scatterplots in figure 6.2 show the relationship between ageing 
relevant quality of UGS and the level of recreation activities within the three cities as well as 
between the city. Level of recreation activities was measured by the average number of people 
observed per observation period engaged in that type of activities. Figure 6.2 shows that all the 
recreation activities of the elderly people were associated with the ageing relevant quality on 
an average considering all the cities together. However, at the individual city level, the pattern 
of association was different in Singapore.  
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In Singapore, the ageing relevant UGS quality was inversely related to sedentary as well as 
vigorous activities. Though a positive linear relation could be observed for walking activities, 
the relationship was not strong enough compared to two other cities. This unexpected finding 
in Singapore provoked to investigate whether such a pattern was only for the ageing population 
or for everyone. Therefore more scatterplots were drawn to look into the relationship between 
the overall quality of the sample UGS and the level of recreation by all age groups. These 
analyses resulted also negative associations between all different level of activities and total 


















Figure 6. 3: Negative relationship between the total quality of UGS and level of recreation activities 












































207 | P a g e  
 
By comparing the bivariate scatter plots in figure 6.2 and 6.3 for Singapore, ageing relevant 
quality seemed to have a more attenuating effect on the walking activities of the ageing people 
in Singapore.  
6.3.2.2 Regression model results  
 
In addition to the bivariate scatter plots, Poisson regression models were fitted to investigate 
the extent by which the association between ageing relevant UGS quality and the level of 
recreation activities agree or vary between the three cities. Table 6.4 (a-c) shows the result of 
Poisson regression models. The regression models also suggest that the ageing relevant total 
quality score of the UGS was associated with sedentary (β=0.02, p<0.05) and walking activities 
(β=0.034, p<0.05) when the differences of cities were taken into account (model 2).  
Adjustment of the cities, however, resulted in an insignificant association (model 2, table 6.4b) 
between ageing relevant UGS quality and the vigorous level of recreations. Having Sydney as 
the reference city in the adjusted models, both sedentary and walking activities were found 
higher among the ageing population of Dhaka (β = 2.47 and 3.78, p<0.01) than Singapore (β = 
1.06; p<0.05 and 2.65 ; p<0.01). By fitting interaction models (model 3, table 6.4c), the 
differences in the association between the vigorous activities and the quality score between the 
cities were measured. According to the model 3 of table 6.4c, an increase of the ageing relevant 
quality was associated with the reduction of vigorous activities in Singapore by an amount of 





208 | P a g e  
 
Table 6. 4: Poisson regression model with robust standard error to examine association between the ageing relevant UGS quality and level of activities 
 (a): Outcome variable: Sedentary activities of the ageing population  
 













0.707 0.31 0.02 (0.003, 0.037) P<0.05 
74.98* City (ref: Sydney) 
Singapore 1.51 (0.58, 2.45) P<0.01 70.06* 1.06 (0.093, 2.03) P<0.05 
Dhaka 3.01 (2.12, 3.89) P<0.01 2.47 (2.47, 3.95) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, asterisk (*) are significant at 1% confidence interval 
 
(b): Outcome variable: Walking activities of the ageing population 
 













0.882 0.07 0.034 (0.013, 0.055) P<0.05 
58.70* City (ref: Sydney) 
Singapore 1.90 (1.17, 2.62) P<0.01 
55.63* 
2.65 (1.11, 4.20) P<0.01 
Dhaka 2.64 (1.79, 3.50) P<0.01 3.78 (2.40, 5.16) P<0.01 
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(c) Outcome variable: Vigorous activities of the ageing population  
 

















P<0.05 17.10* 0.004 (-0.02, 0.02) 0.707 
71.01* 
0.04 (0.01, 0.07) P<0.05 
67.93 *  
City (ref: Sydney)  
Singapore 3.03 (2.16, 3.89) P<0.01 65.17* 2.94(1.82, 4.06) P<0.01 4.84 (2.88, 6.81) P<0.01 
Dhaka 2.02 (1.02, 3.01) P<0.01 2.05 (1.07, 3.01) P<0.01 3.38 (1.52, 5.25) P<0.01 
City*Quality score (ref: Sydney)    
Singapore  -0.04 (-0.08, -0.01) P<0.05 
Dhaka -0.03 (-0.09, 0.02) 0.238 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, asterisk (*) are significant at 1% confidence interval 
 
• Model 1 was the unadjusted model 
• Model 2 was adjusted with the cities as categories 
• Model 3 was adjusted with the interaction between city and quality score 
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6.3.2.3 Analysis of association between the ageing relevant quality domain and level of 
recreation activities  
 
In addition to the above models where the ageing relevant total UGS quality was used as the 
main independent variables, further Poisson regression models were fitted to investigate the 
relationship between the individual domain of the ageing relevant quality and the level of 
outdoor recreation activities. Therefore, five domains of the overall quality were included as 
the independent variables for each level of recreation activities of the ageing population as the 
outcome variable in separate models.  Each of those models was adjusted with the cities as a 
categorical variable. Consequently, fifteen more tables were generated. To avoid complexity, 
therefore, the tables containing significant results for the main independent variable (domain 
score) are reported in this section and all other tables are included in appendix V.  
 
Both sedentary and walking activities of the ageing population were significantly associated 
with only ageing relevant safety scores after adjustment of the cities (table 6.5 and 6.6). On the 
other hand, vigorous activities of the ageing population had a statistically significant 
association with ageing relevant accessibility score (table 6.7a), safety score (table 6.7b) and 
landscape quality score (6.7c) in the unadjusted models but not in the adjusted models (model 
2). The change in the level of significance in the adjusted model indicated to potential 
moderating effects of the cities. Accordingly, the interaction terms between the domain-
specific scores and cities were fitted (model 3 in table 6.7). The interaction models showed 
significant moderating effects of the cities on the association between ageing relevant safety 
score and level of vigorous activities in both Singapore and Dhaka; and between ageing 





211 | P a g e  
 
Table 6. 5: Poisson regression model with robust standard error to examine the potential association 













Safety score 0.013 (-0.063, 
0.089) 
0.739 0.44 0.046 (0.013, 0.079) P<0.05 
76.12* City (ref: Sydney) 
Singapore 1.51 (0.58, 2.45) P<0.01 
70.06* 
1.25 (0.409, 2.09) P<0.05 
Dhaka 3.01 (2.12, 3.89) P<0.01 3.11 (2.38, 3.84) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk(*) are significant at 1% confidence interval 
 
Table 6. 6: Poisson regression model with robust standard error to examine the potential association 














Safety score 0.03 (-0.02, 0.09) 0.212 3.68 0.05 (0.012, 0.087) P<0.05 
55.66* City (ref: Sydney) 
Singapore 1.90 (1.17, 2.62) P<0.01 
55.63* 
1.62 (0.94, 2.29) P<0.01 
Dhaka 2.64 (1.79, 3.50) P<0.01 2.75 (2.05, 3.45) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk(*) are significant at 1% confidence interval 
 
Table 6. 7: Poisson regression model with robust standard error to examine the potential association 
between the quality domain score and vigorous activities of the ageing population 


















P<0.05 16.59 0.038 (-0.104, 
0.179) 
0.602 
65.26* City (ref: Sydney) 
Singapore 3.03 (2.16, 3.89) P<0.01 65.17* 2.97 (2.04, 3.90) P<0.01 
Dhaka 2.02 (1.02, 3.01) P<0.01 2.02 (1.01, 3.01) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
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of the ageing 
population 
Model 1 Model 2 Model 3 
β (CI) p-value  Pseudo-
R2 (%) 
β (CI) p- value Pseudo-
R2 (%) 




Safety score 0.061 (0.01, 
0.11) 




0.15 (0.09, 0.20 P<0.01 
69.88 
City (ref: Sydney)   
Singapore 3.03 (2.16, 
3.89) 
P<0.01 65.17 2.95 (2.00, 
3.89) 
P<0.01 4.08 (2.95, 5.22) P<0.01 
Dhaka 2.02 (1.02, 
3.01) 
P<0.01  2.05 (1.09, 
3.00) 
P<0.01 3.22 (2.16, 4.28) P<0.01 
Interaction terms (city*safety score) (ref: Sydney)   
Singapore -0.136 (-0.209, -
0.063) 
P<0.01 
Dhaka -0.167 (-0.253, -0.081  
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(c): Quality domain: Landscape quality 
 
Outcome: Vigorous 
activities of the 
ageing population 
Model 1 Model 2 Model 3 









Landscape quality 0.097 (0.059, 
0.136) 








City (ref: Sydney)   






P<0.01 4.28 (2.91, 5.64) P<0.01 
Dhaka 2.02 (1.02, 
3.01) 
P<0.01 2.02 (1.09, 
2.96) 
P<0.01 2.77 (1.29, 4.25) P<0.01 
Interaction terms (city*safety score) (ref: Sydney)   
Singapore -0.18 (-0.289, -
0.071) 
P<0.01 
Dhaka -0.08 (-0.215, 
0.054) 
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The interaction model in 6.7 (b) suggested that the increase of accessibility scores was 
associated with the decrease of vigorous activities in Singapore and Dhaka for the ageing 
population compared to that in Sydney. Model 6.7 (c) suggest similar to the landscape quality 
score in Singapore. As such finding was counterintuitive, we have further modelled the 
association between ageing relevant quality domains and different level of recreation activities 
for the individual city while investigated the socioeconomic implications as well.   
6.3.3 Socioeconomic pattern of the ageing relevant quality and recreation activities 
within the cities.   
 
In this section, the socioeconomic pattern of the ageing relevant UGS quality and level of 
recreation activities was analyzed by using both descriptive statistics and regression models. 
The socioeconomic circumstance was measured by the quartile of composite socioeconomic 
profiles of the neighbourhoods from where the UGSs were sampled that were used in previous 
chapters, e.g. index of relative socioeconomic disadvantage (IRSD) for Sydney and self-
developed socioeconomic disadvantaged profile for Singapore and Dhaka.    
 
The graphs in figure 6.4 visualize the distribution of average score of ageing relevant quality 
within cities. There was no consistent socioeconomic pattern of ageing relevant quality in either 
of Sydney, Singapore and Dhaka with the most inconsistencies were observed in Singapore 
(figure 6.4 a). Although ageing relevant total UGS quality score tends to be higher in the 
socioeconomically advantaged neighbourhoods in all of the cities, in a few instances quality as 
well as domain scores were found higher in the disadvantaged neighbourhoods too. For 
example, higher accessibility score were found the most disadvantaged neighbourhoods of all 
the three case cities, amenities score in Singapore and activity space score in Dhaka.  
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The graphs in figure 6.5 show the participation of the ageing population in different level of 
recreation activities in UGS situated within different socioeconomic circumstances. The graphs 
suggest the number of ageing participants in Sydney was found higher in all three levels of 
recreations in the UGS those were in advantaged areas. In Singapore, such a pattern was found 

























































































Figure 6. 5: Socioeconomic pattern of the recreation activities of the ageing population within cities 
 
In addition to the descriptive visualization above, Poisson regression models were fitted to 
investigate the implications neighbourhood socioeconomic status on the association between 
the ageing relevant quality score and recreation activities within the city. These models were 
stratified by cities in which recreation activities of the ageing population were set as outcome 
variables and the ageing relevant UGS quality as well as each domain scores were included as 
the main independent variables. The models were adjusted with the socioeconomic quartile (as 
a continuous variable) and the proportion of the ageing population in respective 
neighbourhoods. The model results are shown in 6.8. In extension to the models in table 6.8, 
tables 6.9-6.13 presented regression model results when the individual quality domain was 
considered as the main independent variable. The regression models were run separately to 
follow the rule of thumb that suggested to include one independent variable in the linear 
regression for 10 observations (Babyak, 2004; Harrell Jr et al., 1984).    
 
Table 6.8 suggests there was a positive association between the ageing relevant UGS quality 
and all different level of recreation activities in Sydney after adjustment with the 
socioeconomic circumstances and the proportion of the ageing population in the 






























219 | P a g e  
 
accessibility of the UGS was statistically related to the higher walking activities of the ageing 
population (table 6.9 b), activity spaces were positively related to sedentary and walking 
activities (tables in 6.11), safety and landscape quality score was related to all the three levels 
of activities (tables in 6.10 and 6.13). There was no association between amenities score and 
the level of activities in Sydney (tables in 6.13).  
 
In Singapore, there was no statistically significant association between overall ageing relevant 
quality score and the level of activities. However, activity space score was negatively 
associated with the walking activities (table 6.11 b) whereas higher amenities and landscape 
quality was positively associated respectively with walking activities (6.12 b) and vigorous 
activities (table 6.13 b).  
 
In Dhaka, overall ageing relevant UGS quality was associated with the sedentary activities 
(table 6.8 a). It should be noted that sedentary activities among the ageing population were 
highest in Dhaka. After looking into the domain-specific quality scores, higher safety was 
found to be associated with higher sedentary and walking activities of the ageing population 
(tables in 6.10). Surprisingly, the safety score activity space score was negatively associated 
respectively with vigorous activities and sedentary activities. Landscape quality, again, was 
positively associated with the vigorous activities.   
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Table 6. 8: Poisson regression model with robust standard error to investigate the association between ageing relevant UGS quality score and level of recreational 
activities stratified by cities. 
(a) Outcome variable: Sedentary activities 
Sedentary 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) 










































β: regression coefficient, CI: confidence interval  
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
• Since the rate of observed users vary by the number of the observation period, the frequency of observation was used as an offset variable 
 
(b) Outcome variable: Walking activities 
Walking 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) 







































β: regression coefficient, CI: confidence interval  
 
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
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(c) Outcome variable: Vigorous activities 
Vigorous 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) 







































β: regression coefficient, CI: confidence interval, NR: No relation  
 
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
• Since the rate of observed users vary by the number of the observation period, the frequency of observation was used as an offset variable 
 
Table 6. 9: Poisson regression model with robust standard error to investigate the association between ageing relevant UGS accessibility score and level of 
recreational activities stratified by cities. 
(a) Outcome variable: Sedentary activities 
Sedentary 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 











































β: regression coefficient, CI: confidence interval  
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
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(b) Outcome variable: Walking activities 
Walking 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 











































β: regression coefficient, CI: confidence interval  
 
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
• Since the rate of observed users vary by the number of the observation period, the frequency of observation was used as an offset variable 
 
(c) Outcome variable: Vigorous activities 
Vigorous 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 













































β: regression coefficient, CI: confidence interval  
 
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
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Table 6. 10: Poisson regression model with robust standard error to investigate the association between ageing relevant UGS safety score and level of recreational 
activities stratified by cities. 
(a) Outcome variable: Sedentary activities 
Sedentary 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) 











0.0004, 0.077) 23.71 
0.023(0.005, 
0.004) 
53.86* Socioeconomic profile 
0.343 (-























β: regression coefficient, CI: confidence interval  
 
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
• Since the rate of observed users vary by the number of the observation period, the frequency of observation was used as an offset variable 
 
(b) Outcome variable: Walking activities 
Walking 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) 







































β: regression coefficient, CI: confidence interval, NR: No relation  
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
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(c) Outcome variable: Vigorous activities 
Vigorous 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) β (CI) R2 (%) 









































β: regression coefficient, CI: confidence interval  
 
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
• Since the rate of observed users vary by the number of the observation period, the frequency of observation was used as an offset variable 
 
Table 6. 11: Poisson regression model with robust standard error to investigate the association between ageing relevant UGS activity space score and level of 
recreational activities stratified by cities. 
(a) Outcome variable: Sedentary activities 
Sedentary 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 

































% of ageing 0.171 (-
0.126, 0.468) 










β: regression coefficient, CI: confidence interval  
 
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
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(b) Outcome variable: Walking activities 
Walking 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 











































β: regression coefficient, CI: confidence interval, NR: No relation  
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
• Since the rate of observed users vary by the number of the observation period, the frequency of observation was used as an offset variable 
 
(c) Outcome variable: Vigorous activities 
Vigorous 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 













































β: regression coefficient, CI: confidence interval  
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
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Table 6. 12: Poisson regression model with robust standard error to investigate the association between ageing relevant UGS amenities score and level of 
recreational activities stratified by cities. 
(a) Outcome variable: Sedentary activities 
Sedentary 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
































% of ageing 0.171 (-
0.126, 0.468) 










β: regression coefficient, CI: confidence interval  
 
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
• Since the rate of observed users vary by the number of the observation period, the frequency of observation was used as an offset variable 
 
(b) Outcome variable: Walking activities 
Walking 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 











































β: regression coefficient, CI: confidence interval, NR: No relation  
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
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(c) Outcome variable: Vigorous activities 
Vigorous 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 











































β: regression coefficient, CI: confidence interval  
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
• Since the rate of observed users vary by the number of the observation period, the frequency of observation was used as an offset variable 
 
Table 6. 13: Poisson regression model with robust standard error to investigate the association between ageing relevant UGS landscape quality score and level of 
recreational activities stratified by cities. 
(a) Outcome variable: Sedentary activities 
Sedentary 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 














































β: regression coefficient, CI: confidence interval  
 
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
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(b) Outcome variable: Walking activities 
Walking 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 











































β: regression coefficient, CI: confidence interval, NR: No relation  
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
• Since the rate of observed users vary by the number of the observation period, the frequency of observation was used as an offset variable 
 
(c) Outcome variable: Vigorous activities 
Vigorous 
activities 
Sydney (n=12) Singapore (n=10) Dhaka (n=10) 
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 











































β: regression coefficient, CI: confidence interval  
• Bold values are significant at p<0.05; * means the values are significant at p <0.01 
• no variables were adjusted as per the model selection process by using the likelihood ratio test and Bayesian information criteria 
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Based on the model results as reported in tables from 6.8-6.13, we have summarized the 
relevancy of the ageing relevant UGS quality and level of outdoor recreation, stratified by the 
case cities: 
Table 6. 14: summary of the findings on the relevancy of ageing relevant UGS quality and level of 
outdoor recreational activities 
 
 Sydney Singapore Dhaka 
Sed Walk Vig Sed Walk Vig Sed Walk Vig 
Accessibility          
Safety          
Activity space          
Amenities           
Landscape quality          
Total quality          
 
: Significant positive association; : Significant negative association; blank: so significant result 
 
6.3.3.1 Implications of socioeconomic circumstances and ageing population of the 
neighbourhoods 
 
While the above investigations helped to extract important information on the relevancy of the 
ageing relevant UGS quality to the outdoor recreation activities within the cities, information 
about the role of the socioeconomic circumstance and the ageing population was also 
synthesized. In Sydney, there was a significant positive association between socioeconomic 
circumstances and walking activities (β= 0.396; p <0.001) after adjustment of the quality scores 
of the UGS and the percentage of the ageing population in the neighbourhoods (table 6.8 b). 
On the other hand, the socioeconomic circumstance was strongly associated with vigorous 
activities in the unadjusted model (table 6.8 b).  The share of the ageing population was also 
positively associated with the level of walking and vigorous activities when no other variables 
were adjusted.  These results suggested that people from advantaged and ageing 
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neighbourhoods in Sydney were more keen to participate in walking and vigorous type of 
outdoor recreation activities. However, the positive association may be moderated by the UGS 
quality score or any other factors that were not considered in this study, such as self-selection 
residential bias. Such a bias happens when physically and socially active ageing individuals 
select living environments based on the availability and quality of outdoor recreation-
supporting amenities (Boone-Heinonen et al., 2011). 
 
Compared to Sydney, a vigorous level of recreations of the ageing population in Singapore 
were negatively associated with the socioeconomic circumstances of the neighbourhoods. 
There was no statistically significant socioeconomic pattern for other types of ageing relevant 
activities in Singapore. However, a positive association was between the percentage of the 
ageing population and the level of walking and vigorous activities (table 6.8 b and c) in the 
adjusted models. It should be noted here that the average proportion of the ageing population 
was found highest in Singapore among the three case cities (recall Table 4.2). Thus, the findings 
indicate that the level of moderate to vigorous activities of the ageing population increases as 
the proportion of this subgroup of population increases.   
 
In Dhaka, socioeconomic circumstance showed a significant positive association with the 
sedentary level of ageing activities (table 6.8 a) in the adjusted models. This indicates the fact 
that the more advantaged neighbourhoods, the more sedentary activities. Moreover, tables in 
6.8 (both b and c) suggest that walking and vigorous activities were higher in the UGS which 
are located in comparatively higher ageing neighbourhoods when the quality scores and 
socioeconomic circumstances were not adjusted in the models. Thus, it can be assumed that 
ageing people in the socioeconomically advantaged neighbour tend to be more engaged in 
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SUMMARY OF FINDINGS 
 
Within a single project, this study explored multiple dimensions of the relevance of the UGS 
in promoting social and active ageing. In a brief, the following aspects were investigated in this 
study: 
• Quantifying UGS quality and measuring its association with the outdoor activities of 
the ageing population at the international level 
• Exploring inequity of the UGS quality between and within case cities 
• Exploring the important domain of UGS quality in the international and local context 
• Investigation of the socioeconomic patterning of outdoor recreation activities, ageing 
relevant UGS quality in the individual city respect 
 
The study identified and presented the differences as well as some similarities in the UGS 
quality, level of activities and the pattern of their association in the three cities. Discussion is 
organised around the case cities, first similarities and differences between the cities and then 
similarities within each city.  
 
Similarities between cities: 
First, the proportion of the ageing user of the UGS is generally lower than the younger cohort 
in the UGS of the three case cities. This finding agrees with the finding of a systematic review 
on the outdoor physical activities which also reported the under presence of older adults defined 
by population aged 60 and over (Joseph & Maddock, 2016). However, demographic trends 
demonstrate that the observed presence of the ageing population in the UGS likely to change 
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Second, the proportion of different activities is more common in the ageing population from 
the advantaged neighbourhoods. Other research found the similar socioeconomic pattern in the 
use of UGS (Jones et al., 2009), active transport behaviour(Sugiyama et al., 2017), engaging 
in the moderate to vigorous activities (Veitch et al., 2015). The exception was Singapore and 
that exception needs to be taken into account. 
 
Third, Ageing relevant higher quality UGS mostly exist in the advantaged neighbourhoods, 
even in Dhaka where the overall share of UGS is very low compared to other cities. These 
findings conform to the existing evidence on the unequal access to high-quality parks and 
recreation in the HIC contexts (Crawford et al., 2008; Rigolon, 2016; Vaughan et al., 2013). 
 
Fourth, walking was the most commonly observed type of outdoor recreations among ageing 
users in all three cities being performed in the neighbourhoods. This result aligns with the 
existing studies that measured the activities of elderly people in Australia (Kolt et al., 2004), 
Singapore (Szubski C, 2017), Taiwan (Pleson et al., 2014) and China (Tu et al., 2015).  
 
Fifth, the safety and landscape quality was found to be positively associated with the level of 
outdoor recreations in all the cities except vigorous activities in Dhaka. Existing studies also 
found the importance of landscape (Giles-Corti et al., 2005) and perceived safety (Alidoust & 
Bosman, 2015; Dendup et al., 2019), accessibility (Costigan et al., 2017; Jones et al., 2009) on 
the physical and social activities. These aspects can be thus said to be universal determinants 
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Sixth, even having a higher score in overall quality, no UGS was found to have higher scores 
in all the quality domains. This happened mainly because of different functions and purposes 
of the UGS which was not considered during sampling.  
 
Differences between cities 
First, noticeable differences in the ageing persons’ physical activities are observed in both HIC 
and LMIC cities being studied. While sedentary activities are significantly predominant in 
Dhaka, vigorous activities are predominant in Singapore. This supports existing findings in 
both cities. A study on the park and open space users in Dhaka (Work for Better Bangladesh, 
2015) reported that 60% of the users come to the parks for sedentary types of social activities 
like socialising and meeting friends. In contrast, the number of members of Singapore’s ageing 
population engaged in different health-promoting physical activities and this has increased in 
recent years (Szubski, 2017).  
Second, the association between the ageing relevant UGS quality and outdoor activities were 
positive in Sydney and Dhaka, where a high variability in the UGS quality scores was observed. 
Some of the existing studies found a similar type of associations (Cohen et al., 2007; 
McCormack et al., 2010; Schipperijn et al., 2013; Van Dyck et al., 2013), though these studies 
were based in HIC and did not target ageing population. On the other hand, the negative 
association between quality and vigorous activities is found in Singapore where average UGS 
quality is much higher compared to Sydney and Dhaka.  
Third, the study adequately found the variations in the relevance of different aspects of UGS 
quality for different levels of activities by the ageing population in the UGS in international 
contexts. Especially the findings that higher score in the activity spaces in Singapore and in the 
safety score in Dhaka was associated with the lower level of vigorous activities was 
counterintuitive. It indicates that it would be misleading to reach a hypothesis based on the 
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aggregated result of the three cities as we found the positive relationship between the ageing 
relevant total quality of the UGS and vigorous activities.  
 
Understanding what aspects of UGS promote and deter outdoor recreational activities 
contributes to evidence-based planning of UGS. By adopting two internationally recognized 
auditing tools, this study captured the information of the ageing relevant UGS quality and level 
of engagement in those spaces. Though only the outdoor recreation activities do not fully 
contribute to the social and active ageing process, these activities substantially signify the 
ageing process. Therefore, this internationally diverse, contextually rich and purposefully 
wider study can be a significant benchmark to take UGS-ageing studies more forward level. 
This study suggests that neighbourhood UGS quality has an obvious impact on the level of 
activities, though the evidence is more consistent in Sydney and Dhaka. There is a necessity of 
UGS intervention by allocating resources so that the gap in the UGS quality is reduced within 
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CHAPTER SEVEN: DISCUSSIONS AND LIMITATIONS 
 
With a brief summary of findings at the end of the previous chapters, this chapter includes a 
detailed discussion of the research findings and interpretation of those findings with the help 
of policy realm and existing situations in the three case cities. The findings are synchronised 
to answer the core research question that is posed in the PhD title.  
 
7.1 EVIDENCE OF THE HEALTH AND WELLBEING BENEFITS OF URBAN 
GREEN SPACES (UGS) IN THE LOW AND MIDDLE-INCOME COUNTRIES 
(LMICs)   
 
Research question: What does current evidence say about the health benefits of UGS promote 
in LMICs? 
 
Findings based on the 22 studies found through systematic searches of 5 databases suggested 
that the difference between high-income countries (HICs) and low and middle-income 
countries (LMICs) mainly relates to the mental health benefits of the exposure to urban green 
spaces (UGS). Evidence on other health outcomes in the LMICs is inconsistent as in HICs. The 
systematic scoping review found little strong evidence on physical activities (PA) as a strong 
pathway of UGS benefits in terms of health and wellbeing, self-perceived health and quality of 
life. There are also differences between HICs and LMICs in the process of research design 
which resulted in more than half of the studies to be of poor quality. This could be due to a lack 
of research resource and infrastructures. Nevertheless, it cannot be claimed that all countries 
tagged within LMICs are at a similar level of development in terms of resource mobilisation 
for research enterprises, particularly when the evidence of UGS-health research from LMICs 
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7.1.1 Discussions on the findings from the systematic scoping review 
Social and active ageing is substantially related to health and health-related wellbeing and 
UGSs has proven to be a strong determinant of health and wellbeing in western HICs. 
Therefore, researchers have consistently put an emphasis on gathering evidence from LMICs 
to better understand the associations between green space and health within different 
socioeconomic and cultural contexts (Kabisch et al., 2015; van den Berg et al., 2015). A 
systematic scoping review was conducted in this PhD research as an initial response in order 
to assess progress to date, identity what has been learned so far, and outline some avenues for 
further investigation.  
 
The systematic scoping review found that fewer types and number of health aspects were 
studied in LMICs to investigate the association with UGS measures compared to high-income 
and western countries. In studies conducted in LMICs, except in the instance of a single study 
that was conducted on the population from informal settlements (Gruebner et al., 2012), our 
scoping review found a consistently positive relation between UGS and mental health, 
wellbeing and quality of life; whereas the findings were not consistent in studies that were 
conducted in HICs (Gascon et al., 2015; James et al., 2015). In particular, Gascon et al. (2015) 
found limited evidence for generalising the causal relationship between UGS and mental health 
benefits in their systematic review.  
 
Similarly, in regards to mental health status, our scoping review found generally positive 
associations between UGS and self-perceived health conditions in all of the six included 
studies. However, again, the evidence from studies conducted in HICs is not consistent, as 
reported by van den Berg et al. (2015). Based on the above discussions, it may be claimed that 
UGSs have a positive effect on the mental and self-perceived health in the LMICs. 
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Nevertheless, the negative association as found for the marginalised population of informal 
settlements warrants further investigation whether the benefit is invariant for different 
socioeconomic groups. It is not uncommon that UGS within the proximity of the marginalised 
group of population in the LMICs, such as the informal settlements, are very poor in quality 
and eventually fall into an unhealthy condition. Thus, it may be said that it is the poor 
management of UGS might prevent the most disadvantaged population groups in LMICs from 
making healthy use of UGS.  
 
In contrast, a similarity was found between HICs and LMICs in regards to the inconsistency of 
association between UGS and physical health, especially weight status. Although our 
systematic scoping review did not aim to explain the differences in the UGS-health evidence 
between HICs and LMICs, there are factors that might have caused the differences. 
Nevertheless, the accumulated evidence in the LMIC contexts for different health outcomes is 
still far too low to enable a robust conclusion on the dissimilarities of the evidence from the 
HIC and LMIC contexts to be reached. The factors of difference are described below: 
 
(i) Effect of UGS measures 
Most of the authors referred to the heterogeneity in the UGS measures as responsible for the 
inconsistent findings in HIC contexts. For example, in our systematic scoping review, two 
studies (Dzhambov et al., 2018; Liu et al., 2017) measured the effect of UGS within 500-metre 
buffer on mental health through an association with PA. However, the stronger effect of UGS 
was found on PA when the author included the number of parks available (Liu et al., 2017) as 
UGS rather than the effect of utilising a vegetation index (Dzhambov et al., 2018). The 
difference in the effects relate to the differential effects of unmanaged and managed UGS. 
These findings encapsulated the need for a standard UGS measuring tool that can also support 
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urban planning. Another possible reason behind the inconsistent effects could be due to 
overlooking the effect of UGS around workplaces/schools which may offset the effects of a 
lack of residential green spaces. The studies in LMICs found relatively lower evidence of the 
effect of objectively assessed UGS on health outcomes compared to the subjective measures 
of UGS. These findings, however, are not uncommon, as reported by other studies (Nyunt et 
al., 2015; Parra et al., 2010). Rather, objective measures of UGS in this review were found to 
be associated with the amount of PA and then PA had a different level of association with 
health outcomes. The differential effects of objective and subjective measures on health 
outcomes have implications in terms of sustainable urban planning practice, especially when 
planning for the older population (Jabareen, 2006; Marmot et al., 2008; Parra et al., 2010). 
Built environmental features like parks and playgrounds in existing studies generally resulted 
from ‘top-down’ planning processes but from any research into and subsequent addressing of 
users’ perspectives. Thus users’ views and desires regarding parks and UGS generally, which 
may differ from the preconceptions of planners, are then effectively ignored.  Yet the user's 
views could form the basis of a more ‘bottom-up’ approach that makes UGS more usable for 
the target population and therefore ultimately more used. The selection of ‘top-down’ or 
‘bottom-up’ approaches (or an effective hybrid of the two whereby town planners could engage 
with and respond to input from potential users) could thus result in different health outcomes. 
 
(ii) Socioeconomic implications  
The HICs based evidence found overriding effects of socioeconomic and demographic factors 
on the relationship between UGS and health outcomes (James et al., 2015; Kabisch et al., 
2017). This means that these non-spatial factors rather than UGS exposure appeared to be a 
major determinant of health outcomes. In the systematic scoping review of Chapter Two, the 
potential role of socioeconomic factors was not consistently identified. Two studies found that 
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lower-income groups had lower mental health and wellbeing than middle-income groups 
despite surrounded by adequate UGS in the community (Mukherjee et al., 2017; Scopelliti et 
al., 2016). Considering physical activity (PA) as a likely pathway to positive health outcomes, 
several studies in LMICs consistently found that socioeconomically advantaged communities 
have better access to UGS that may lead to more PA whereas such an association is not 
consistent in HICs. For example, some researchers found that socioeconomically 
disadvantaged communities have lower access to green spaces (Astell-Burt, Feng, Mavoa, et 
al., 2014b; Jones et al., 2009; Mavoa et al., 2015; Molina-García et al., 2017), while some 
disagreed (Dai, 2011; Vaughan et al., 2013). In this scoping review, one study found a negative 
effect of the availability of UGS on mental wellbeing among the marginalised population in a 
megacity (Gruebner et al., 2012). Thus, more studies are required in LMIC contexts to 
investigate whether this result is common to the LMICs.  
 
(iii) Quality of the studies  
Though most of the studies found a positive association between the UGS exposure and health 
outcomes, the overall quality of the studies is poor compared to many of the studies that were 
conducted in the HIC contexts (van den Berg et al., 2015). Thus future studies in the LMICs 
should be designed with stronger compliance with best practice in epidemiological 
methodology (Markevych et al., 2017).  
 
(iii) PA as the potential pathway 
In our systematic scoping review, PA was considered as an intermediate step between exposure 
to UGS and health outcomes in several studies. While a small number of studies (7 out of 22) 
measured the mediating effect of PA statistically, only two studies found statistically robust 
mediating effects. Only one study (Dzhambov et al., 2018) adequately analysed the intertwined 
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effects of pathways. Although UGS is globally considered as the major promoter of PA, other 
factors (such as perceived safety, restorativeness and so on)  promote or mediate PA. A number 
of studies (Hartig et al., 2014; James et al., 2015; Markevych et al., 2017) found that multiple 
pathways are likely to be intertwined to affect particular health outcomes. This fits with recent 
conceptualisations of UGS-health relationships that allow for potential non-linear and 
multiplicative effects (Markevych et al., 2017). Understanding the pathways and how they can 
mediate a particular health outcome is necessary for allocating resources to green space 
development and its design.  
 
(iv) Consideration of ‘environmental pathways’ 
In relation to the previous section, environmental quality could be a major determinant of PA 
in UGS. However, this review found a negligible consideration of the ‘environmental 
variables’ as potential pathways of health outcome analysis. About 100 studies were found 
during the systematic search that focused on the environmental and ecological benefits of green 
spaces. Despite the importance of environmental pathways (e.g., air quality, soil quality, noise 
reduction, microclimate), this systematic scoping review found only one study in an LMIC that 
considered ‘perceived’ air pollution as a potential pathway of health and activity. A possible 
reason behind a large number of studies on the environmental benefits of green spaces could 
be the movement of ‘sustainable development’ that was started from the Earth Summit of 1992 
in Rio de Janeiro, Brazil. To what extent the environmental benefits can be linked to health 
outcomes is yet to be explored in LMICs. 
 
7. 2 INEQUITY OF UGS QUANTITY AND QUALITY FOR THE AGEING 
POPULATION  
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• Is there socioeconomic inequity in the availability of UGS for the ageing population in 
contrasting international contexts? 
• Do the quality features of UGS that promote social and active ageing vary between and 
within similar contexts?  
 
The previous section identified the necessity for research and gaps in the existing evidence 
presented in UGS-health studies in the LMIC context. Based on the findings, the study further 
aimed to investigate the extent to which UGSs are equitably distributed across cities in different 
contexts by including in the case studies a city from an LMIC (i.e. Dhaka) and comparing it 
with two cities in contrasting HIC contexts, one characterised by a lower population density 
and sprawling urbanisation (i.e. Sydney) and another by a very high population density and 
compact urbanisation (ie., Singapore). The investigation aimed to expand the evidence of 
whether UGS is available for everyone, particularly for the ageing population, so that they may 
be able to accrue health benefits. The investigation of UGS availability in this study found an 
inconsistent pattern in regard to the socioeconomic inequity of UGS quantity and quality in the 
three cities. While advantaged neighbourhoods were found to have enriched UGS provision in 
Sydney and Singapore with different magnitudes, the opposite pattern was found in Dhaka.  No 
moderating effect of the neighbourhood ageing population (defined by the % of 55 years old 
and above in Sydney and Singapore and 50 years old and above in Dhaka) was found in either 
of the cities but appeared to be an individual predictor of UGS distribution in Sydney and 
Singapore. These two cities have a comparatively higher proportion of the ageing population 
than Dhaka. Statistically strong non-linear association were found between population density 
and UGS distribution in all the three cities but Singapore. The investigation of the UGS quality 
found the general, as well as the ageing relevant, quality of the UGS in Singapore,  is higher 
than two in other cities. Beyond statistical significance, the concentration of ageing supporting 
features was found in higher socioeconomic areas in Sydney and Dhaka which may increase 
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inequity in the social and active ageing process in the long term. A review of the literature 
suggested that top-down planning system with an exemplary commitment to urban greening 
might have reduced the inequity of UGS provisions and quality in Singapore. The examples, 
drawn from Singapore and a few such examples from Dhaka found the effect of planned 
investment in making fewer differences in the UGS quantity and quality. In addition, UGS 
features that are relevant for social and active ageing, such as the amenities, accessibility, 
landscape qualities, are independent of UGS size in Singapore and Dhaka.  
7.2.1 Findings on the UGS distribution and quality 
Increasing our knowledge of how UGS may (or in some cases, may not) be beneficial for health 
in LMICs, especially within the context of rapid urbanisation, is essential as is the need to 
develop our collective understandings of how UGS can be a lever for the advancement of social 
and active ageing. Thus, the second part of this study’s research investigations was the creation 
of an inventory of UGS analysis in relation to the equitable distribution and ageing population. 
This investigation involved the analysis of the impact of socioeconomic inequity on the 
availability and accessibility of UGS and the potential moderating role of the ageing 
circumstances in the international case cities ( i.e. Sydney, Singapore and Dhaka). In addition 
to the distributional analysis of UGS quantity, different domains of UGS quality were also 
investigated in sample UGSs and compared in the contrasting contexts. The analyses are shown 
respectively in Chapter Four and Chapter Five. The findings of the analyses are discussed for 
each city in this section.  
7.2.2 Urban green space (UGS) distribution 
Sydney 
The growth in urban areas is interlinked with land use change, green areas, and the loss of 
beneficial services from the natural environment, such as combatting air pollution, reducing 
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the temperature, and the mitigation of flood mitigation. However, ensuring these services from 
nature in the urban areas requires the urban green spaces (UGS) to be equitably available to the 
population. A study estimated the growth of the population in Sydney to reach 5.6 million by 
2031 from 4.3 million, which indicated a massive urban transformation (Infrastructure 
Australia, 2015). This study investigates the distribution of urban green spaces within Sydney 
to determine how the availability and accessibility of UGS vary according to neighbourhoods, 
residential density, and socioeconomic circumstances. Results showed that neighbourhoods 
(SA2) of higher socioeconomic circumstances have significantly more UGS available. Results 
also showed the availability of UGS decreases as the population density of the neighbourhood 
increases. It indicates the population density as to have a detrimental effect on the UGS 
distribution, and if urban areas are not well planned, UGS is likely to be most affected. 
Especially, disadvantaged neighbourhoods will be more affected groups as they rely mostly on 
UGS for outdoor recreations (Dai, 2011; Jennings et al., 2016). 
 
In general, this study found neighbourhoods with a generally wealthier population and higher 
ageing population (% of 55 years old and above) tend to have more UGS as the higher share 
of all these variables could be observed in the North, North-eastern and North-western part of 
the city (figure 7.1).  However, it would not be reasonable to think that ageing population live 
in the wealthier neighbourhoods as we did not find any interaction between these two variables 
in the regression models. The socioeconomic inequity, as well as an inverse relationship 
between dwelling density and UGS availability in an Australian city context that found in this 
study, matches a recent study (Lin et al., 2015). Thus, the inequity of the UGS availability for 
the ageing population in Sydney can be explained through the lens of residential location 
preferences. There has been a general tendency in Australian cities to expand to the outskirts 
of the metropolitan areas through low-density surbanization. The older population in Australia 
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typically have lower incomes but greater total household wealth than younger households as 
they have paid off a substantial part of their mortgage and most of them prefer to age in a place 
with which they are familiar where they can live as long as possible (Judd et al., 2012; 
Productivity Commission, 2015; Rachele; et al., 2017). In contrast, the younger population 
prefers to reside closer to their workplaces in the inner cities, where fewer UGSs can be found 
than the outskirts areas. In the densification process (involving consolidation and infill 
development), private UGS is reduced and public UGS often not increased (Haaland & van 
den Bosch, 2015), resulting in a higher ratio of persons/ square kilometre of UGS. But such 
case may not prevail everywhere in Australia. In Melbourne, disadvantaged neighbourhood 
tended to be more clustered in the outskirts suburbs and in more close contact with public open 































Figure 7. 1: Socioeconomic status (top), percentage of the ageing population (middle) and UGS (bottom) 
in the neighbourhoods of Sydney 
 
 




The positive association between the availability of UGS and socioeconomic circumstances 
also exists in Singapore; however, this is not as strongly linked to any particular socioeconomic 
clusters as it is in Sydney. In contrast, this study found an opposite pattern of association 
between ageing and UGS availability. Existing studies (Tan & Samsudin, 2017; Tan et al., 
2013) found insignificant socioeconomic inequity of UGS distribution also, though the authors 
used different socioeconomic variables and UGS indices. From the socioeconomic and 
demographic data analysis, the ageing population (% of 55 years old and above) was found to 
be comparatively more highly concentrated in the neighbourhoods of Singapore (defined by a 
subzone) than in Sydney and Dhaka. Yet, our analysis did not find a moderation effect of the 
ageing population on the socioeconomic inequity of UGS distribution. This distribution of the 
UGS observed in Singapore resulted from a top-down urban planning system, the responsibility 
for which is vested in the Urban Redevelopment Authority (URA), a statutory organisation of 
the government (Ng, 1999; Soh & Yuen, 2006; Tan, 2006). Singaporean neighbourhoods are 
mostly comprised of public housing estates (Sim et al., 2003; Yuen et al., 2006). Nearly 80% 
of the population live in the public housing blocks in which the residents live within a balanced 
composition of races and socioeconomic circumstances. In addition, the land is limited and 
confined on the island state and so cannot allow further expansion into the countryside, which 
is opposite of Sydney and Dhaka. Generally, the housing blocks are surrounded by different 
types of managed and unmanaged green space (Figure 7.2). Compared to the people in the 
public housing blocks, those who are even higher socioeconomically placed, as defined in this 
study, are able to afford and live on landed properties (e.g., bungalows) but these areas 
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This study found non-linear associations between the ageing population (% of 55 years old and 
above) and UGS accessibility measures in Singapore. In particular, a strong non-linear 
association was observed between the population-weighted distance (PWD) and 
neighbourhood ageing profile when the proportion of the population deemed to be ageing 
exceeds 19% (Figure 7.3). Initially, a positive association was found in 16 neighbourhoods out 
of 217 ( ~7%), referring to poor accessibility and ageing in these neighbourhoods. Then in the 
majority of the neighbourhoods, a negative association could be observed followed by a flat 
relationship in 66 neighbourhoods (~30%). Recalling that the lower the PWD, the higher the 
accessibility, good accessibility, therefore, exists in a majority of the ageing neighbourhoods 
in Singapore. Existence of a lower PWD in the higher ageing neighbourhoods occurred due to 
the presence of studio apartments in some areas that were particularly introduced for elderly 
poor Singaporeans aged 55 and above (Addae-Dapaah & Wong, 2001; Ministry of Social and 
Family Development, 2006; Thang, 2014). Consequently, it is evident that even after a negative 
relationship regarding the percentage of UGS, the proportion of the ageing population had a 
positive association with PWD. This association indicates the structure and form of UGS in 
Singapore. Singapore lacks contiguous patches of UGS as occurs in Sydney but possesses well-
distributed, small and pocket patches of UGS. This is a reflection of the compensative and 
coherent UGS planning in Singapore (Yuen, 1996a). The inconsistency of accessibility 
measure related results between Sydney and two other cities can be attributed to the method of 
measuring PWD by not considering fixed boundary-based neighbourhoods as the threshold 
distance considered in the computation of PWD (in the methodology section) where PWD 








Figure 7. 2: Provisions of UGS and activity spaces within the public housing (HDB) blocks in Singapore 
(source: photo taken during field study) 
Dhaka 
In contrast to Sydney and Singapore, in Dhaka, our analysis found a negative association 
between UGS distribution and socioeconomic circumstances. However, the inequitable 
distribution of UGS in Dhaka resulted from the lack of urban planning system, contrary to 
Singapore. The findings in Dhaka suggested that advantaged neighbourhoods have fewer UGS 
available and disadvantaged neighbourhoods have more UGS. Such a pattern has been 
previously found in the developed country contexts, for example, in the UK and USA (Barbosa 
et al., 2007; Engelberg et al., 2016; Jones et al., 2009). In this PhD, evidence from an LMIC 
city attempts to help address this gap in knowledge. One reason for such an outcome in Dhaka 
could be that it is due to the inclusion of transitional open spaces, which are located mostly on 
the outskirts of the city (e.g., Uttara, and Mirpur Beribandh area). These are the unmanaged 
open spaces (Figure 7.3) but a major recreational destination for the socioeconomically 
disadvantaged population (e.g., farmers and those who live in low-quality houses) because the 
areas are close to the residences. In contrary, advantaged people tend to live in the core parts 
of the city where good quality housing or apartments cluster. The agglomeration of good 
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quality housing causes the land values to rise and therefore developers want to use every spare 




Figure 7. 3: Transitional UGS in Dhaka that is highly accessible to the disadvantaged group of the 
population 
 
On the other hand, the effect of the ageing population (% of 50 years old and above in Dhaka) 
is negligible in Dhaka compared to two other cities as the proportion of the ageing population 
as defined in this research is substantially lower in the neighbourhoods of Dhaka. This finding 
does not indicate a need for less emphasis on the importance of ageing on population in the 
formulation of urban planning policies. Rather, there is merely a delay in the expected 
demographic transition due to the higher proportion of younger persons currently in society; 
planning is still required. Indeed, it is projected that half of the world’s total elderly population 
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will be living in four Asian countries by 2025 and Bangladesh is one of those four countries 
(Kabir et al., 2016; Kabir et al., 2013). In particular, the changing family structure would be 
one of the major leading factors that will make the ageing population a challenging situation in 
Bangladesh (Niger, 2012; Samad, 2015). There are additional challenges from the increasing 
prevalence of different non-communicable and chronic diseases over the last decade (Biswas 
et al., 2017). The current socioeconomic implications of green space availability can bring 
opportunities for the ageing population as local governments will be able to foster an 
environment suitable for social and active ageing by revitalising these existing UGS and 
promoting activities within them that will have health benefits for the ageing population and 
others. 
7.2.3 Urban green space (UGS) quality 
Between the cities 
Having understood the importance of UGS quality alongside the quantitative availability to 
support social and active ageing, this study also investigated the extent to which the quality of 
UGS varies between LMIC and HIC; and between planned and unplanned urbanisation. In 
addition, the study also analysed the variation of UGS quality within the cities by the 
socioeconomic status of the neighbourhoods from which the UGS were sampled. This study 
found not only the overall score to be higher for Singapore, but it found all the domain scores 
to also be higher for Singapore. However, average scores for activity spaces were found to be 
lower in Singapore than for Sydney. This indicates the priority of Australian policymakers 
places on promoting different types of sports. The frequency of higher quality activity spaces 
in Sydney can be linked to the sporting culture embedded in the course of Australian history 
(Horton, 2000). If success in major sports events such as the World Cup and Commonwealth 
Games is compared to the total population, Australia is a remarkably successful country (De 
Bosscher et al., 2006) but much of the nation’s sports promotion has traditionally been directed 
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towards school children and competitive team sport (favoured more by males), with over half 
of older Australians not undertaking sufficient exercise according to a recent report by 
SportAus (Sports Australia, 2018). Thus, apparently, both HICs adopted UGS policies with 
different aims with Singapore’s policies seem more favourable to the active ageing. Despite 
the fact that there are a number of very popular and attractive green spaces in Sydney (e.g., 
Centennial Park, Sydney Park, Hyde Park), counter-intuitively a higher proportion of UGS 
were found in Sydney which was of poorer quality compared to those in even Dhaka in an 
LMIC context. The presence of low-quality UGS in Sydney may occur due to a lack of 
sufficient staff to manage and maintain the abundance of UGS across the metropolitan area. A 
study in Dhaka found the per capita green space was 0.05 square metres in 2009 (Work for 
Better Bangladesh, 2015), whereas it was 224.98 square metres per capita in Sydney (UN 
Habitat, 2015).  There is also a multitude of local councils, each with responsibility for green 
spaces within its jurisdiction as well as other priority areas to invest. Moreover, there is a 
likelihood that the socioeconomic inequity of UGS quality in Sydney is a by-product of the 
inequity in the UGS availability (Lin et al., 2015). Availability of backyard gardens in low-
density neighbourhoods in Sydney (Hall, 2007; 2010) may result in fewer users in 
neighbourhood UGS which in turn may discourage local councils from investing resources in 
the provision and maintenance of green spaces. In contrast, a few of the sample green spaces 
in Dhaka (e.g., Chandrima Udyan, Osmani Udyan) are popular destinations for not only the 
adjacent neighbourhood population but also for the distant population because of a lack of 
quality UGS in those other locations. In addition, these green spaces were recently renovated 
by improving and expanding pedestrian walkways, beautification of landscapes by gardening, 
and providing more sitting arrangements and so on. These beautification processes helped to 
increase the quality scores of those UGS. The photos in Figure 7.4 provide an example of the 
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beautification process and highlight the difference before and after the renovation of Shyamoli 




















Figure 7. 4: Example of recent beautification process of the Shamoly Children's Park; (top) is old photo, 
(bottom) recent photo after the beautification process (source: old photo is collected from internet and 
recent photo was taken during field auditing) 
In spite of the differences in the UGS quality between the three cities, most of the quality 
features of UGS that are considered to be supportive of the activities of the ageing population 
are available in all three cities. Yet the UGS in Singapore have a significantly higher amount 
of several features that are integrated with the national focus on the promotion of public health. 
For example, the presence of fitness stations in the majority of the neighbourhood parks reflects 
the country’s focus on health and fitness (Henderson, 2013). The presence of picnic facilities 
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(e.g., picnic table, barbeque pits) encourages social gatherings while the well-connected trails 
are an important feature that supports moderate to vigorous activities (e.g., walking, cycling 
etc). This last feature is the outcome of the introduction of the innovative park connector 
network (PCN) program administered by the National Parks Board of Singapore. PCN is 
designed to connect all small patches of green spaces at the neighbourhood level (Auger, 2013; 
Singapore Green Plan, 2012; Tan, 2006; Tanuwidjaja, 2011) with regional parks.  
 
Within the cities 
While this study drew a statistically significant comparison of the UGS quality among three 
contrasting cities, it did not find robust statistical evidence on the socioeconomic inequity of 
the UGS quality as well as the association with neighbourhood ageing profile within the cities. 
The main reason for this may be the lack of an adequate sample of UGS from neighbourhoods 
representing each of the socioeconomic strata. Eventually, the use of ecological data is most of 
the time associated with the modifiable areal unit problem (Openshaw, 1984; Panczak et al., 
2012). This problem occurs when samples in a neighbourhood are used to represent a certain 
type of information, such as the quality of a park in that neighbourhood. In our study, therefore, 
it might be possible that the socioeconomically stratified sample UGS may be a biased 
representation of the respective socioeconomic strata. In addition to socioeconomic 
circumstances, the neighbourhood ageing profile was also not found to be strongly associated 
with the UGS quality within the city. The result indicates that the proportion of the ageing 
population in the neighbourhood does not predict the quality of UGS. It may indicate that the 
needs and aspirations of the ageing population within the neighbourhood are less prioritised by 
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However, beyond statistical robustness, a commonality was found in Sydney and Dhaka in 
terms of having lower quality green spaces in their disadvantaged neighbourhoods. Such a 
pattern was previously found in HIC contexts (Crawford et al., 2008; Engelberg et al., 2016; 
Suminski et al., 2012). In contrast, the advantaged communities were likely to have a higher 
number of amenities and desirable landscape elements. Amenities (e.g., restrooms, drinking 
fountains, picnic facilities, benches, etc.) and landscape quality (trees, trail, water feature, etc.) 
are elements important to attracting ageing users. A good quality landscape, especially, 
provides a highly restorative environment that most likely encourages ageing people to use 
green space (Abraham et al., 2010; Giles-Corti et al., 2005; Velarde et al., 2007). Thus, the 
concentration of these features in higher socioeconomic areas presumably increases inequity 
of active ageing promoting resources in both HICs and LMICs.  
 
This study identifies the outcomes of planned investments in the publicly accessible UGS in 
regards to reducing inequity in the UGS quality in Singapore as there was no consistent 
socioeconomic pattern of UGS quality both in general sense and in relevant to the ageing 
population This pattern can be referred to what Engelberg (2016) termed as “equitable 
differences”; it happens due to the adoption of a top-down and integrated urban planning 
approach (Sim et al., 2003; Yuen et al., 2006). Some 80% of the population live in 
neighbourhoods that are composed of public housing blocks and a mixture of persons from 
different socioeconomic backgrounds. These housing blocks are designed with shared public 
and open spaces. Though not planned like Singapore, higher quality green spaces were found 
in the disadvantaged (second quartile) areas in Dhaka. This may be because of the recent 
renovation program of some selected UGS  in the city. This program is called the ‘Jol-Shobujer 
Dhaka Project’ or ‘Dhaka with water and green’ (Hasan, 2018). As the beautification works 
targeted some particular UGS irrespective of area-level socioeconomic circumstances as 
 
 
255 | P a g e  
 
defined in this study, no definite pattern of socioeconomic inequity in the green space quality 
was observed. 
7.2.4 Implications of population density on the UGS distributions 
 
Providing UGS within the city is an intricate urban planning issue (Boulton et al., 2018; 
Haaland & van den Bosch, 2015), especially for cities like Sydney and Dhaka that are 
experiencing transformation in their demography, economy, transport etc (Evans & Freestone, 
2009). This study found a nonlinear relation between population density and UGS provision 
that agrees with current evidence (Lin et al., 2015). In Sydney, after a positive relationship, the 
trendline of the % of UGS starts to decline when the population density reaches 2300 pop/km2 
and then again starts to rise from 8000 pop/km2. Above this population density, there is a total 
of three neighbourhoods within the study area in Sydney, such as Springwood-Winmalee, Potts 
Point-Woolloomooloo and Surry Hills. Particularly the Springwood-Winmalee and Potts Point 
– Woolloomooloo are two neighbourhoods which are intersected with two national parks that 
might have caused a non-linearity in the plot (figure 4.1a). 
  
In Dhaka, unlike Sydney, the trendline shows a steady negative relationship between the 
population density and the % of UGS from the beginning and remains static from 90,000 to 
until 120,000 pop/km2 (figure 4.1c). The trendline then tends to rise due to the effect of a large 
public open space (converted from a historical place) located within the ward no 25 of the 
Dhaka south city corporation. The name of this historical place is ‘Lalbagh Fort’, an 
architectural heritage from the Mughal empire. This may be considered an outlier. Compared 
to Sydney and Dhaka, the trendline for Singapore (figure 4.1b) is much flatter once the negative 
relation reaches approximate 15000 pop/km2. The pattern depicts Singapore’s balanced 
approach of high-density cityscape and maintaining UGS. 
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The linear regression models suggest a strong negative association between the availability of 
UGS and population density for the medium density neighbourhoods in Sydney compared to 
the low-density neighbourhoods. Hence, it needs to be noted that the population density is 
comparatively much lower in Sydney.  Whereas this two-way association is weak in Singapore 
and Dhaka where the population density is very high. The finding in Singapore agrees with 
another study (Tan et al., 2013) that did not find an effect of population density on vegetation 
cover.  Within these two highly dense cities, however, the association between accessibility 
index and population density was opposite to each other. In the very high-density 
neighbourhoods of Singapore, the accessibility index has a statistically significant positive 
association with population density whereas significant negative association exists in the 
medium density neighbourhoods of Dhaka. Such differences in the outcome resulted from 
planned and unplanned densification and its effect on the accessibility to UGS. It may indicate 
the creation of high-dense neighbourhoods situated in new towns (e.g., Sengkang, Ang Mo 
Kio, Punggol, Bukit Panjang, etc.) where much focus is given on providing green space (Eng, 
1986; Yuen, 1995). On the other hand, population density shows low predictability (adjusted 
R2) for PWD in either of the cities. However, yet again the direction of association with the 
density was found to be opposite to accessibility index owing to the theoretical foundation and 
mathematical formula of PWD and accessibility index.  
7.2.5 Implications of size on UGS quality 
The size of the UGS was found to be a strong determinant of the total quality score of the UGS; 
mainly because of stronger association with amenities and landscape quality as found in the 
adjusted models. These findings agree with existing studies that reported about the effect of 
size on the attractiveness and usability of UGS (Lam et al., 2005; Schipperijn et al., 2010; 
Sugiyama et al., 2010). However, what was not well documented was the extent to which size 
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affects the overall quality of UGS in diverse international contexts. Although this study found 
important relevancy of the size on the aggregated quality of the UGS  between cities, the larger 
UGS resulted in downward scores in safety and activity spaces in Singapore and Dhaka. 
Especially, the largeness of the UGS was associated with the decrease in the overall quality in 
Singapore require more in-depth investigation. However, from the personal experience, even 
smaller UGS in Singapore could be found well-equipped and with different facilities (such as 
basketball and mini soccer court, fitness corner, nice landscape features) which sometimes not 
even present in large UGS. On the other hand, the large UGS may need more maintenance and 
failure to do that can result in lower safety score.  
 
7.3 RELEVANCE OF UGS QUALITY ON SOCIAL AND ACTIVE AGEING 
 
Research question: To what extent does the association between ageing relevant UGS quality 
and level of activities vary internationally and locally?  
 
Ageing users of the UGS (defined from posture and appearance) were more common in 
Singapore (41.67%), followed by Dhaka (39.52%) and Sydney (25.22%). The regression 
models suggest that the ageing relevant total quality of the UGS was associated with sedentary 
(β=0.02, p<0.005) and walking activities (β=0.034, p<0.005) when the differences of cities 
were taken into account. Adjustment of the cities, however, resulted in an insignificant 
association between ageing relevant UGS quality and the vigorous level of recreations mainly 
because of a counterintuitive result found in Singapore. When the individual quality domain 
was included as independent variables, both sedentary and walking types of activities were 
significantly associated with only safety scores. On the other hand, vigorous activities of the 
ageing population had a statistically significant association with ageing relevant accessibility 
score, safety score and landscape quality score in the unadjusted models.  
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As the analysis within cities was conducted, ageing relevant UGS quality was associated with 
all three levels of activities in Sydney being safety and landscape quality was a particularly 
most important contributor. There was no such association in Singapore for the overall quality. 
However, amenities and landscape quality were found to have some relation with moderate 
and vigorous activities whereas activity spaces had a negative association. In Dhaka, the overall 
quality was associated with the only sedentary activities. However, the safety score was 
positively associated with sedentary and walking activities, and negatively associated with 
vigorous activities. Landscape quality was positively associated with vigorous activities in 
Dhaka. ‘Within city’ analysis also indicated that the ageing population in advantaged 
neighbourhoods with a higher percentage of the ageing population tend to participate more in 
different activities in Sydney and Dhaka, but not in Singapore. In Singapore, the ageing 
population living in the lower socioeconomic neighbourhood was more engaged in vigorous 
activities.   
7.3.1 Findings on the interrelationships between UGS quality and level of activities by the 
ageing population in three case cities 
Sydney 
The lowest proportion of the ageing population is observed in Sydney, in contrast to Singapore 
and Dhaka. The result agrees with an existing study which was conducted on HIC (Costigan et 
al., 2017). That study found underutilisation of UGS in the USA and Australia. However, 
contrary to the findings of most of the physical activity-related studies in HIC context (Floyd 
et al., 2008; Veitch et al., 2015), this study does not find that sedentary activities are the major 
type of activities among the ageing population in Australia. This could be due to the definition 
of the ageing population in our study also including the middle-aged population. In addition, 
unlike those studies, this study included only neighbourhood UGS, which are usually less used 
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for recreational purposes in Australia. If a large park (e.g., Hyde Park or Centennial Park) or a 
beachside open space in Sydney had been audited, more ageing people might have been being 
observed spending time in sedentary activities. Yet, the presence of ageing relevant UGS 
quality was positively associated with the level of moderate to vigorous activities performed 
by the ageing population in the sample neighbourhoods. In particular, safety, accessibility and 
landscape quality were found to an important predictor of the participation of the ageing 
population in the UGS of Sydney. A previous study found UGS attractiveness (Giles-Corti et 
al., 2005), perceived safety (Alidoust & Bosman, 2015; Dendup et al., 2019) and accessibility 
(Costigan et al., 2017; Jones et al., 2009) to be an important determinant of a higher level of 
use and activities in the UGS. However, the use of objective measures of this quality domain 
was less reported. Based on the findings, it can be said that if the UGS within the 
neighbourhood can be improved by the means of increasing ageing relevant quality, more 
activities could be expected to be undertaken by the particular age group.  
 
Singapore 
Counterintuitively, the positive association between ageing relevant UGS quality and vigorous 
activities found in Sydney could not be found in Singapore. A previous study found that the 
use of UGS was not related to happiness among the younger population (Saw et al., 2015). 
Thus it might be expected that if there is not much variation in UGS quality, it could have little 
or no effect on attracting the ageing population. The negative association particularly found 
when the score of activity spaces was considered as the predictor. This makes sense as firstly 
most the UGS sampled in Singapore were not multifunctional as could be found in Sydney, i.e. 
designed for tourist as well as for sports activities. Secondly, recreational outdoor activities 
tend to fall among those aged 70 and above in Singapore (Mahendran et al., 2013). Also, as the 
average quality is comparatively higher in most of the UGS in Singapore, a negative relation 
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indicates that factors other than the quality itself are involved. For example, a longitudinal 
study suggested that a continuing job or volunteering activities can promote more wellbeing 
among the elderly population (Tang et al., 2009). Nevertheless, this observation can be ascribed 




Though the national share of the ageing population is comparatively lower in Bangladesh than 
Australia and Singapore, the density of ageing users was higher in Dhaka than Sydney (39.52% 
vs 25.22%). Such a high density of ageing users in Dhaka can be explained by the city’s scarcity 
of UGS and its very high population density (Byomkesh et al., 2012; Hossain, 2006; Jafrin & 
Beza, 2018). Though this research is obviously undertaken from the perspective of the 
promotion of neighbourhood UGS, the ageing users of UGS in Dhakawere engaged in more 
sedentary types of activities compared to older residents in the two other cities. For example, 
older members of Dhaka’s community prefer to play chess, chat or relax. The negative 
association between safety and vigorous activities was something need further research. 
However, in Dhaka, overall safety score was very low that even some of the UGS scored in 
negative scale. The highest safety score was found in the Shamoly children's park which is very 
small and highly congested to allow the vigorous activities of the ageing population.  
In either of the cities, no statistically significant socioeconomic patterning of the UGS quality 
was observed. The main reason behind using a single socioeconomic variable was that the 
sample UGS (three or two UGS) were selected based on the stratification made through the 
quartile of socioeconomic profiles in each city. Thus, even those UGS were selected from 
different neighbourhoods, they would be assigned with a unique value of socioeconomic 
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quartile. This would not give fine-grained result to explain socioeconomic variation in the level 
of activities. 





Enabling social and active ageing through the promotion of UGS requires multi-sectoral 
involvement in creating an ageing supportive environment. Most of the HICs, as represented 
by Sydney and Singapore, have apparently progressed to addressing the need to create an 
ageing supportive environment through the adoption of different policies, including urban 
planning and public health policies. In this section, a summary of the policies that are guiding 
UGS distribution, quality and utility in terms of a health resource in the three case cities is 
discussed.  
   
Having the highest population density of all cities in Australia, the use of infill development in 
Sydney is considered to be one of the practical solutions to meet the increasing demand for 
accommodation while minimising the demand for added infrastructure and utilising existing 
infrastructure more efficiently (Newton & Glackin, 2014; Randolph, 2006). Thus the UGSs 
within the inner cities are in a vulnerable situation. Fortunately, Australia has always had vast 
natural land stocks that have helped planning authorities to devise UGS standards as required 
for different local circumstances (NSW Planning and Environment, 2014; Veal, 2013). The 
UGS standards are implemented through the zoning process within the formulation of Local 
Environment Plans (LEPs) created by local government authorities (councils) and State 
Environment Planning Policies (SEPPs). Although different initiatives, such as ‘GREEN 
GRID’ (Schaffer, 2015), Vision 202020 (http://202020vision.com.au/) aim to enhance regional 
‘greenness’ and active lifestyles, there had been a marked absence of a consistent UGS strategy 
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guidelines at the local level until 2010 (Evans & Freestone, 2009) and existing UGS and 
farmland were and still are being progressively reduced by rezoning for housing development 
(e.g., the increasing disappearance of the green band around Sydney as new south-western and 
north-western suburbs are developed). A new guideline on the Recreation and Open Space 
Planning Guidelines for Local Government has enabled consistent catchment-based standards, 
such as the provision of UGS within 300 metres of residences in high-density areas (500 metres 
for medium-to-low density housing) (GANSW, 2018). 
  
A number of initiatives and state-based task forces were established to promote physical 
activity in Australia (Bauman et al., 2002). The New South Wales Office of Preventive Health 
has initiated several innovative programs to accelerate active lifestyle (NSW Health, 2018). 
For example, the ‘healthy town challenge’ launched for regional/rural areas. On the other hand, 
as part of the ‘active ageing’ program, funds were allocated for improving facilities and 
amenities (e.g., local swimming pools) to help ageing people staying active. To what extent 
these programs are working well or not has not yet been reviewed. However, these initiatives 
may work better if linked with revitalising neighbourhood UGS which are comparatively more 
accessible from the people’s residences. For example, installing a ‘fitness corner’ in a 
neighbourhood park may attract more ageing people than otherwise would be the case. Low-
density neighbourhoods in Australia have been observed to have ample space in the residential 
backyard. Thus, people may prefer to spend more times in these spaces for sedentary activities 
than in nearby UGS. This statement appears to be valid regarding UGS utilisation as our study 
found the proportion of ageing people engaged in more moderate to vigorous activities was 
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The spatial distribution of UGS in Singapore indicate the existence of smaller and disconnected 
green spaces at the expense of natural vegetation which has given place to smaller, but planned, 
UGS during the rapid urbanisation of the city state (Tan et al., 2013). Apparently, urban 
planning of Singapore focused on high density, compact and mixed-type township 
development that fostered accessibility to UGS (CLC & ULI, 2013; Tan et al., 2013; Urban 
Redevelopment Authority, 2014). This is believed to be the outcome of the garden city vision, 
introduced in 1967, which gradually transformed into the vision called ‘city in a garden’ 
(Auger, 2013; Xue et al., 2017; Yew, 2012). These visions and programs are always reflected 
in the 40–50 year-long strategic plans that guide the development of Singapore (Urban 
Redevelopment Authority, 2001). This planning approach resulted in the realisation of small, 
pocket green spaces at the community level and an innovative park connector network (PCN) 
program by the National Parks Board connecting all these small green spaces (Auger, 2013; 
Singapore Green Plan, 2012; Tan et al., 2013; Tanuwidjaja, 2011) with regional parks.  
 
In addition to the implementation of the ‘city in a garden’ policies, Singapore has impressive 
health statistics with what was the highest life expectancy in the world rising to the greatest 
average longevity in the world, the longest for women (87.6), and second only to Japan for 
men (81.9). Some 67.1 of those years can be expected to enjoy ‘in good health’. The recent 
agreement by unions and employers on the need to raise retirement and re-employment age 
(currently 62 and 67 respectively) in Singapore reflect these statistics (Seow, 2019). Such a 
move would follow the Australian Government’s progressive raising age of the age of 
eligibility for the age pension (currently 67, if born after 1 January 1957, a little earlier if born 
earlier). This success in terms of longevity and healthy lifespan can be attributed to different 
‘population-level’ initiatives (Rose, 2001) by the Ministry of Health to reduce risks associated 
with physical inactivity. Since 1992, this institution initiated a series of different exercise 
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programmes to curb the prevalence of non-communicable and chronic diseases in Singapore 
(Toh et al., 2002). After the establishment of a health promotion board in 2001, various types 
of community-based strategies started to be rolled out (Karan, 2008). From 2013, the Health 
Promotion Board (HPB) launched a programme called ‘Sundays@The Park’, which is part of 
a national physical activity promotion programme aimed to achieve weekly 150 minutes of 
physical activity. Sundays@The Park offers a wide variety of guided physical activities over 
the 70 Singaporean parks (Figure 7.5). These initiatives may also reasonably have increased 
the number of the ageing population engaged in different health-promoting physical activities 
in recent years (Szubski, 2017). This may suggest that investing in a combination of quality 
improvement in UGS provision and social marketing initiatives and programs are needed to 
optimise the benefits of UGS for supporting active and social ageing. 
 
 
To promote the Sundays@The Park program, the HPB partnered with the National Parks Board 
(NParks) and Sport Singapore (SportSG), the national sports council. Presumably, these multi-
sectoral initiatives in combination with access to high-quality UGS caused a counterintuitive 
relationship between ageing relevant vigorous activities and neighbourhood income level. In 
addition, this study found that the ageing population from lower income neighbourhoods 
tended to be more sedentary even in the high-quality green spaces. This indicates the gap in 
the government campaign as it appears it is not promoting healthy behaviour equally in 
Singapore or that its equal promotion is not received equally well or able to be acted upon 
equally. This could be due to the economic burdens, loneliness, higher rate of disability and 






































Figure 7. 5: Advertisement of Sundays@at the park program in Singapore to keep people active and 
healthy (source: self captured during field auditing) 
 
Dhaka 
Lack of adequate UGS in the core part of Dhaka City resulted from inner-city densification 
similar to Sydney (Aguilar et al., 2003; Kombe, 2005; Mahtab-uz-Zaman & Lau, 2000). Dhaka 
has been experiencing rapid urbanisation since the independence of Bangladesh in 1971 when 
a state capital city turned into the capital city of a country. To accommodate the huge influx of 
internal migrants from different parts of the country, the innercity went through immense 
densification and simultaneous lateral expansion along the outskirts of the city (Islam et al., 
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2009). From a population of 1.2 million in 1971, Dhaka is estimated to now have grown to 16 
million residents. This speedy urbanisation also caused a rapid loss of the green spaces 
(Byomkesh et al., 2012; Fatemi, 2015) as the city struggled to provide space for private 
companies to supply houses for the increasing population. Some 90% of this type of housing 
demand is met by private real estate companies in Dhaka (Capital Development Authority of 
Bangladesh, 2016). Most of the modern types of residences that are built by these companies 
are meant for the economically well-off. Others settle in informal settlements or developments 
unrecognised by RAJUK (Baker, 2007; Shams et al., 2014). 
 
The legacy of this prevailing scenario stems from a lack of strong commitment by urban 
planning authorities (e.g. RAJUK (Rajdhani Unnayan Kartripakkha), the Capital Development 
Authority of Bangladesh). Dhaka as the capital city lacked a vigorous planning guideline until 
2010 when a detailed area plan of Dhaka city was publicly gazetted (Hossain et al., 2015; 
Nilufar, 2009). Nevertheless, the new planning laws could hardly recover the ‘backlogs’ of the 
building that had already taken place (Mahtab-uz-Zaman & Lau, 2000) or the growing need 
for more, and affordable, housing for the growing urban workforce. The detailed area plan 
formulated strategies of the Dhaka Metropolitan Development Plan (1995–2015) to protect 
green and open spaces within the jurisdiction of the Capital Development Authority but failed 
to deliver a planning standard for the development or redevelopment of UGS at the 
neighbourhood level. Although the ‘Private Land Development Rules, 2004 (amended in 
2012)’ set a standard (under Rule 9(3) and 10(3)) to allocate a minimum of 0.2 acres of land 
for playgrounds and parks per 1000 residents, the standard is inadequate as there is no density 
zoning system in Dhaka. The situation is further exacerbated by the fact that there is little 
respect for the ‘rules of law’. In addition, available UGS are generally again much lower in 
quality compared to those of Singapore. UGS in Dhaka city is sometimes used for temporary 
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shelter by the homeless people who might have migrated from the countryside (Figure 7.6). 
Such informal activities discourage nearby users from actively using green spaces. Moreover, 
there is no national-level campaign or social marketing in Dhaka as like health promotion 










Figure 7. 6: Informal settlements inside a park in Dhaka reduce the appeal to the users 
 
7.5 STRENGTH AND LIMITATIONS OF THIS RESEARCH 
 
This study was completed with a number of strengths and limitations. Although the older adult 
population are an important user group of local or neighbourhood green spaces or UGS 
(Kemperman & Timmermans, 2006), the presence of this user group is not well represented in 
UGS-health interrelationship studies (Joseph & Maddock, 2016). Therefore, this study was 
designed in a way that neighbourhood UGS are sampled and the ageing population are well 
represented in this study from geographically diverse cities. To the knowledge of the author, 
there is no study investigating the pattern of relationship between the ageing relevant green 
space quality and level of engagement by conducting the study in such geographically diverse 
contexts that simultaneously included HICs and LMIC, and low density and very high-density 
cities. In particular, there is no previous study that has rigorously focused on both UGS quantity 
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and quality in relation to the public health aspect in Dhaka. Although a study compared the 
difference between US and European cities (Van Dyck et al., 2013), this PhD research is 
significant in that it captures inequality of ageing relevant UGS quality, level of engagement 
and the potential moderating effect of economic factors in geo-demographically diverse 
contexts.  
 
The three international case study cities considered in this research represent contrasting 
international scenarios of how UGS are planned, distributed and valued as a public health 
instrument. The research used validated auditing tools to collect primary data on the objective 
UGS quality and level of activities within the UGS in an efficient and cost-effective manner. 
Use of a standard quality scoring system for the three cities allowed the researcher to find how 
urban planning focus can make a distinctive difference between best and worst UGS 
provisions. This is first of this type of comparison that strongly conveyed the extent to which 
ageing relevant UGS quality and the level of activities were associated within a strong gradient 
of UGS quality.  
 
Despite being its contexts being geographically diverse and wider in scope, this PhD research 
has a few limitations that were beyond the researcher’s control. These are listed below:  
1. The systematic scoping review conducted is not free from publication bias (van den 
Berg et al., 2015). In addition, a meta-analysis was not conducted due to heterogeneity 
in the exposure and outcome measures.  
2. The way UGS availability and socioeconomic profiles are measured may receive 
criticism because of raising ecological fallacies or modifiable areal unit problems 
(Kwan, 2012).  
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3. Although flexible boundary-based measures were used to investigate the inequity of 
UGS distribution to offset the limitations associated with fixed boundary-based UGS 
measures on health outcomes (Kwan, 2012; Laatikainen et al., 2018), the centroid 
considered is still confined to a fixed boundary-based neighbourhood. Therefore, future 
studies should take into account person based dynamic measures of UGS (Hasanzadeh 
et al., 2018; Laatikainen et al., 2018).  
4. Comparison of the neighbourhoods in the three cities with variations in the size may be 
problematic for comparison. However, neighbourhoods are defined according to the 
most appropriate level of the spatial unit at which level data was available in the three 
cities.  
5. Finally, the number of sample UGS in the three cities for the auditing quality and 
observation of users may be criticised for not having enough statistical power. In 
particular, representative UGS from different socio-economic strata are low in number. 
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CHAPTER EIGHT: RECOMMENDATIONS AND CONCLUSIONS 
 
Research question: What recommendations can be made for urban planners to target investment 
in green spaces for the promotion of social and active ageing? 
 
Based on the discussion section, the following key areas need to focus on the development of 
new policies. These key areas are: 
1) The future direction of UGS-health research in LMICs 
2) Reducing inequality in the UGS quantity and ageing relevant quality through an 
appropriate urban planning approach 
3) Investing resources into UGS through identifying the appropriate target group  
4) Developing a collaborative framework to promote social and active ageing  
 
8.1 FUTURE DIRECTION OF UGS-HEALTH RESEARCH IN LMICs 
 
In the systematic scoping review conducted in this PhD evidence, it was found from mostly 
low-quality studies. Therefore, some issues need to be addressed in future research. These 
include:  
 
First, the UGS exposure metrics need to be revised. There is a lack of consensus on how to 
most appropriately measure UGS exposures (Ekkel & de Vries, 2017; Kwan, 2012; Laatikainen 
et al., 2018), especially as there is a growing concern regarding the differential effect of the 
static boundary-based measures on health outcomes (Kwan, 2012; Laatikainen et al., 2018). 
Therefore, future studies should take into account multiple measures, including person based 
dynamic measures (Hasanzadeh et al., 2017; Hasanzadeh et al., 2018; Laatikainen et al., 2018). 
In addition, while objective measures of UGS should be prioritised where possible, this is not 
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to say there is no utility in using subjective measures (e.g., of quality, which others have argued 
is a highly subjective concept (Feng & Astell-Burt, 2017c)). Examining objective and 
subjective measures within the same study can afford comparisons of the measures that may 
reveal potentially interesting information about how people perceive local UGS. Some work in 
Scotland, for example, showed a weak association between perceived and actual UGS 
(Macintyre et al., 2008) and it may be that similar mismatches occur in LMICs.  
Second, our systematic scoping review found the effect of objectively measured UGS quantity 
on health outcomes, but no study in the review measured UGS quality objectively. Yet the use 
of objective tools has been found to be effective in capturing UGS quality information 
conveniently and efficiently (Kaczynski et al., 2012; McKenzie, 2016). In fact, two modified 
objective tools were used in this PhD to collect UGS quality information in three international 
cities within a short period of time.  
Third, all of the studies so far included in the scoping review are cross-sectional. Thus, 
longitudinal studies of UGS and health in LMICs would represent a significant advance in 
methodological quality to infer about causality.  
Fourth, other factors that may be of particular importance in LMICs that need to be taken into 
account. Rapid urbanisation in many LMICs may pose significant challenges to not only 
measuring UGS availability at a particular time point, but it may also have important impacts 
on how people relate to and use those UGS (Haaland & van den Bosch, 2015; Kabisch et al., 
2017; Wolff et al., 2017). For example, rapid urbanisation can mean a rapid rise in population 
density, loss of UGS and an increase in the number of people per square metre of UGS (Clos, 
2010; Cohen, 2006). Some types of UGS may be more vulnerable to these processes than 
others.  
Finally, the studies in this review only examined potentially beneficial effects of UGS on 
health. Opposite findings are also available; for example, living closer to parks was found to 
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be associated with a higher prevalence of asthma (Dadvand et al., 2014) and pollen allergy 
(Markevych et al., 2017). A lack of maintenance and management can render some green 
spaces sources of different vector-borne diseases (e.g., breeding areas for dengue-bearing 
mosquitoes), or havens for social nuisances, and have other types of negative consequences 
(such as the accumulation of rubbish or waste and associated vermin and heightened disease 
risks). Thus, future studies should take these adverse consequences into account, especially in 
LMICs where infectious diseases remain a major public health concern.  
8.2 REDUCING INEQUALITY IN THE UGS QUANTITY AND QUALITY THROUGH 
APPROPRIATE URBAN PLANNING APPROACH 
 
Reducing the inequality in UGS distribution and quality is rudimentary to the promotion of 
social and active ageing. Societies can benefit in many ways by the presence of ageing citizens 
(as has been outlined earlier) and therefore reducing inequality will encourage this generation 
to grow older in the home and neighbourhood they are familiar with, i.e. ageing in place (Gray 
& Heinsch, 2009; Sixsmith & Sixsmith, 2008). However, a growing concern of urban planning 
professionals is to create an environment not only to help ‘ageing in place’ but also making the 
older generation socially and physically active (and thereby healthier for longer) through the 
adoption of appropriate built environment strategies and policies (World Health Organization, 
2002; 2007) and their implementation. Therefore, the benefits of UGS in the health and well-
being of the ageing population need to be integrated within the urban planning agenda through 
mitigating the socioeconomic inequities.  
 
Strategy to tackle ‘environmental or eco-gentrification’ of UGS 
 
While burgeoning evidence suggests that it broadly accepted that an increase in the quantity 
and quality of UGS is needed to promote health benefits, there is also a concern regarding 
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‘gentrification’ which is also arising as an unintended socioeconomic process of the greening 
efforts. Gentrification is defined variously by different authors but all converge to refer to a 
kind of phenomena caused by redevelopment and improvement of housing and the 
neighbourhood environment. In relation to UGS, this process is described as “green 
gentrification” (Cole et al., 2017), “eco-gentrification” (Wolch et al., 2014), and 
“environmental gentrification” (Curran & Hamilton, 2012; Rupprecht & Byrne, 2018). 
Investment in urban greening projects, such as the revitalisation of parks or the establishment 
of new public space results in a rise in the property price, living costs and change in the local 
sociodemographic composition (Cole et al., 2017; Pearsall, 2010; Rupprecht & Byrne, 2018; 
Wolch et al., 2014). The process is historically associated with displacement and segregation 
of the socioeconomically disadvantaged population and therefore investment in UGS may 
further amplify socioeconomic inequity and health inequality. Studies conducted among those 
who are not displaced due to gentrification process reported the negative effect of gentrification 
on the health of the socially vulnerable group of the local population, such as a racial or poorer 
minority group (Cole et al., 2017) as rates or taxes increase to reflect increasing land values 
and other local costs increase as the neighbourhood changes to meet the needs and desires of 
its new wealthier residents.    
 
Examples of ‘gentrification’:  
Although gentrification is a historical phenomenon, a few recent examples were highlighted 
by Haffner (2015). One of the examples is a famous greening initiative in New York City called 
‘High Line’ which was opened in 2009 and has attracted millions of visitors every year since 
then. The success of this greening project forced the relocation of many middle-income 
residents and business outlets due to rising land values and consequent rises in local taxes and 
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rents. Gentrification caused by investments in a greening project can become a big challenge 
for urban planners who wish to ensure environmental justice within a city (Cole et al., 2017).  
 
This problem is presumably more acute in an LMIC city like Dhaka where urbanisation is 
happening at an unprecedented rate, and where the control of urban planning and land is not 
under any of the centralised authority (as it is in Singapore), and where the proportion of UGS 
is not as high as in Sydney (Alam, 2018). Our study found that socioeconomically 
disadvantaged groups of population in Dhaka have relatively better access to UGS which are 
transitional in nature (Figure 7.3) but these lands are already being ‘grabbed up’ where possible 
by private real estate companies. In a largely unregulated or problematic planning space, 
particularly where there is the possibility of corruption, questionable acquisitions and inroads 
into UGS can be predicted. The following two photos show such transitional green and open 
spaces during the rainy season where different housing companies hung billboards as part of 
the land speculation process. Once these companies start their development projects, the 
current populations are most likely to be displaced and gentrification will take place unless a 
drastic change in urban governance happens.  
 
Figure 8. 1: Land speculation process by the private real estate companies in Dhaka under the lack of 
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The rise of gentrification is mostly attributed to the short-sighted nature of urban mega-projects 
that are instituted largely to fulfil political ambitions and are characterised by a lack of public 
participation in the projects and their design (Haffner, 2015). Therefore, simultaneously 
planning for small greening (UGS) projects across the cities and implementing them was 
suggested as an anti-gentrification strategy. There is another anti-gentrification strategy 
discussed widely among researchers called the ‘just green enough’ policy (Curran & Hamilton, 
2012; Haffner, 2015; Wolch et al., 2014). The just green enough strategy refers to vehemently 
rejecting the UGS features (such as magnificent sculptures) that more attract visitors rather 
than serve the needs of local residents. Rather, well connected footpaths, good quality benches 
along the footpaths, and small gardens are considered ‘just enough’ UGS features to make the 
UGS attractive to local residents and serve their needs. The strategy of making a neighbourhood 
‘just green enough’ is also characterised by the involvement of neighbourhood residents in the 
greening process through consultation and focus group discussions. There are a few examples 
of implementing the ‘just green enough’ strategy. These include the environmental cleaning of 
Newtown Creek, a neighbourhood green space in the USA (Curran & Hamilton, 2012), the 
retrofitting of UGS in the Hangzhou, China (Wolch et al., 2014), revitalisation of informal 
UGS (such as river banks, along railway lines and neighbourhood pocket parks in Japan and 
Australia (Rupprecht & Byrne, 2018). In Singapore, a similar strategy might have resulted in a 
homogeneous distribution of good quality UGS.  
 
In Dhaka, though principally not based on the ‘just green enough’ strategy, the renovation of 
Shyamoli Children’s Park can be cited as a likely example. Figure 8.2 shows the park as it was 
in 2006 (photo at left below) and in 2016 after the renovation project was completed (photo at 
right below). Even before 2015, this park used to be grazing land of cattle and a centre of 
loitering. However, the landscape of this park was changed, the new footpath was raised, good 
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quality toilet and source of drinking water was introduced, sitting benches were established 
and flower gardening took place through a sudden renovation program. The renovation 
program resulted in profound changes in the usage pattern by the local residents. In Dhaka, 
‘just green enough’ should be more prioritised to ameliorate existing UGS and promote social 
and active ageing.  
 
 
Figure 8. 2: A likely example ‘just green enough’ approach to Shyamoli Shishu park in Dhaka left side 
image is from 2006 and the right-hand side image is from 2016 (after renovation) 
 
An integrated planning approach 
Researchers found several fundamental challenges to enabling ageing friendly cities. These 
include in the area of planning, renewal and development of built environment features beyond 
UGS (Van Hoof et al., 2018). In the fast urbanisation process in cities like Sydney and Dhaka, 
urban development and renewal project initiatives are threatened by the preservation of the 
UGS. The situation becomes complicated by the absence of appropriate goals, strategies and 
rules. Therefore, appropriate planning and designing of UGS and careful investment in UGS 
are the foremost policy challenges for cities, especially those in LMIC. In addition, cities 
should be not built for only supporting the ‘elderly’ generation; rather, it should allow for 
‘intergenerational space’ (Biggs & Carr, 2015) which would support both children and ageing 
people to live socially and physically active lives.  
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To overcome these challenges, planners advocate integrated urban planning approaches, for 
example, ‘compact township’, ‘mixed-use’, ‘high-density’ and ‘smart city’ (OECD, 2012). We 
have Singapore as one of the best examples of using such an integrated urban planning 
approach and preserving the quantity and quality of their UGS. Integrated planning approaches 
are heavily focused on creating public UGS rather than backyard private places, which have 
been traditionally a part of the Western type of low-density living style (Evans & Freestone, 
2009; Nancy, 2016). The implementation of these approaches and the perceived increasing 
scale and pace of urbanisation faces difficulty (and some resistance) in Australian cities. 
However, as the demand for densification of inner-cities increases in the major cities, the focus 
on poly-centric compact township through integrated infrastructure planning is being raised in 
the strategic planning of both Sydney (e.g., A Metropolis of Three Cities – The Greater Sydney 
Region Plan) and Dhaka ( Dhaka Strategic Plan, 2016-2035).  
 
Formulation of effective UGS planning policies is limited by a better understanding of how 
many and which features would be sufficient to reduce inequality in green space distribution 
and quality. There is no consensus on the standard that can be equally applicable everywhere. 
Therefore, a pragmatic approach would be to learn from a well-performing case study. For 
example, Singapore (which is used as a case study in this research) implemented UGS policies 
in an integrated manner within a high-density living environment. Following are the key 
planning guidelines that Singapore has been implementing in combination to make UGS 
available and accessible to most of its citizen and can be recommended with local 
modifications: 
 
• The Urban Redevelopment Authority (URA) adopted and continue to implement 
Singapore’s ‘Landscape Replacement Areas (LRA)’ as the guideline to maintaining 
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greenery in new development and redevelopment sites (Urban Redevelopment 
Authority, 2014). Generally, the total area of LRA is equivalent to the size of the 
development site area and is to be accessible for community members. At least 40% 
the development site area or the total LRA should be allocated for permanent planting.  
• To make the landscape attractive, a combination of trees, palms, shrubs and grass is 
always recommended. 
• The green plot ratio (GPR) is used to complement the requirement of LRA. GPR is 
defined as the average leaf-area index (LAI) of various types of trees and plants. This 
index is also defined by the proportion of leaf area on a single side of the planted areas 
to the land lot or site area (Ong, 2003). The LAI value is determined in terms of the 
total surface area of leaves of a particular group of plants exposed to the sun.  
• Building height is restricted within a certain distance of strategic green areas (e.g., the 
city’s central reservoir, which is located in the city’s Central Catchment Nature 
Reserve, and the Singapore Botanic Gardens) through a ‘height control plan’. 
• A catchment approach is used and aims to provide a park within 400 metres of 85% of 
residents. It should be mentioned here that the catchment area is a fixed boundary-based 
measure of UGS accessibility and the limitations of these measures are discussed above.  
• The green network is to be continually expanded by connecting more regional and local 
parks through park-connecting networks (PCN).  
 
8.3 INVESTMENT OF RESOURCES BY IDENTIFYING THE APPROPRIATE 
TARGET GROUP  
 
This research found that several UGS are underutilised by the ageing population in the three 
cities, especially in Sydney. Researchers identified several reasons behind the underutilisation, 
such as lack of programs and affordability, outdated design, inappropriate amenities for the 
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users, lack of ‘eyes on the street’, and perceived safety issues (Carmona et al., 2012; Malone, 
2006). In addition, there are personal aspirations and expectations of the ageing population of 
UGS. Researchers mostly recommended greater investment in UGS to enhance their utility for 
the target population. This was seen as especially important for the government in the LMICs, 
where scarce resources should be invested in a way that can return the maximum benefits for 
the society. Hence, identification of the appropriate target group is a challenging task. In 
epidemiological intervention studies, geo-demographic classification (GDC) systems were 
used to identify the target population. 
 
Use of GDC to identify the appropriate target group 
Geodemographic classification (GDC) is an area or neighbourhood classification system that 
segment population based on where they live (Harris et al., 2005; Vickers & Rees, 2007). GDC 
can be generally defined as a summary measure of socioeconomic and behavioural data about 
a population. Identifying population with similar characteristics, preferences, lifestyle and 
behaviours that tend to be together, GDC systems involve clustering and naming these clusters 
of the population with identifiable characteristics through statistical amalgamation and 
mapping. GDC systems were found to be useful in finding factors associated with different 
types of non-communicable diseases, such as diabetes, COPD, and CHF. Therefore, this system 
can be prospective to identify areas of greatest need and possible impacts. The use of a GDC 
system has the potential to reduce inequalities by helping ensure investment in green space 
promotion where it will be required. 
 
Planning policies are generally implemented in a top-down manner that does not always ensure 
the equal distribution, accessibility and usability of a service (Levy, 2016, p.103), resulting in 
ineffective resource investment. Thus, investment in UGS through addressing the 
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heterogeneity of the green space behaviours, preferences, motivations, and socioeconomic and 
health status of the population as well as the suitability of the physical environment is likely to 
be more effective. Nevertheless, the challenge remains in the availability of such ‘big’ data at 
the lowest spatial unit level as well as technical skills for developing the GDC systems.  
8.4 DEVELOPING A COLLABORATIVE FRAMEWORK IN THE LMIC CONTEXT 
  
Promotion of the social and active ageing through UGS planning obviously requires multiple 
sectors to work collaboratively, as can be found in Singapore and Sydney. Each of the countries 
has a special committee on the ageing population at the national level. For example, the Council 
on the Ageing (COTA) in Australia; and the Council for Third Age (C3A) in Singapore. These 
committees set strategies and create a potential collaborative framework to enable social and 
active ageing. Example of such a collaborative framework is ‘Sundays@The Park’ program in 
Singapore where the NParks, the Health Promotion Board and sports authority work 
collaboratively. Details of this program have been described in the previous chapter. Compared 
to Singapore, Australia is a big country and therefore different states may adopt different 
collaboration strategies. In Sydney, the NSW Health Department cooperates with local councils 
across the state and the National Heart Foundation in an ‘Active Living NSW’ program, 
promoting greater activity and equipping councils with information. For country New South 
Wales, the NSW Health Department works collaboratively with local and shire councils, for 
example, on the ‘healthy town challenge’, which is designed for towns of populations between 
1000 and 15,000 and also involves the independent National Heart Foundation. A similar type 
of program should be aimed by investing in the underutilised public UGS in the neighbourhood 
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Bangladesh is still behind in terms of creating a special focus on the promotion of social and 
active ageing. Although a national committee has been formed to plan and discuss the ‘old age’ 
issue and includes representation from government and non-government institutes, no 
collaborative program has yet surfaced in Bangladesh to promote social and active ageing. It 
might feel comfortable as the total share of the ageing population in Dhaka (Bangladesh) is not 
as high as in the two other cities at this moment. Nevertheless, considering the economic 
progress in the coming decades, it is high time to be prepared for the forthcoming challenges 
that Sydney and Singapore are already struggling with, especially the lack of appropriate public 
housing and no centralised public health scheme provision (e.g., Medicare in Australia). 
Bangladesh also lacks pension funds that are designed to fund retirees and funded by a 
compulsory superannuation payment by employers of working Australians together with 
additional voluntary payments by employees. A State-funded age pension is available for those 
who lack sufficient superannuation funds and have reached the relevant retirement age. In 
Singapore, the Central Provident Fund operates as an also compulsory savings scheme for 
working people and again is designed to fund their retirement living, as well as housing and 
healthcare. The lack of any such funding in Bangladesh may jeopardise the living conditions 
of the elderly population in the coming decades. Another factor contributing to the possible 
lower priority of funding UGS is that the country is still addressing the problems of 
communicable diseases. However, many of the health-related research institutions in 
Bangladesh, in collaboration with international organisations, have proved capable of 
eradicating or tackling communicable diseases (Alam et al., 2013; Biswas et al., 2017). 
Nevertheless, evidence-based policy formulation is required for promoting social and active 
ageing. Noting that, collaborative scientific research network needs to be established to 
formulate policies that may be able to accomplish mutual purposes as the country moves 
toward achieving big public health goals (including active ageing, with its accompanying 
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benefits such as lengthier productive lifespans). Hospitals, higher education institutes, 
professional institutes should be members of this multidisciplinary research network. 
8.5 CONCLUSION 
 
This PhD research emphasises the creation of an ageing friendly environment, particularly by 
exploring the role of UGS (e.g., urban parks, playground, public open space etc.) in promoting 
social and active ageing. This thesis entails a detailed commentary on the formulation of the 
research problem, design methodology, data collection and analysis within a structured and 
sequential order. The results of data analysis are discussed in reference to existing evidence. 
Finally, a set of recommendations was proposed about the strategies to adopt to conduct UGS-
health research, to plan for revitalising UGS in the neighbourhoods, to counteract ‘green 
gentrification’. The PhD research was not free from limitations like other time-bound research; 
however, its strengths and scope coupled with research outcomes are obviously more important 
as they illustrate the need for and relevance of implementing UGS in practice to confront the 
global challenge of population ageing. Finally, based on the international case cities and sample 
data, it can be concluded that the features of UGS that promote social and active ageing vary 
by international context. Thus, the planning of UGS needs to consider which aspect of the UGS 
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(i) % of households living in condominium and landed houses  
(ii) % of households owning a house  
(iii) % of 15+ aged working person having monthly income S$8000+  
(iv) % of population classified as ‘professionals’  
(v) % of population classified as managers  
(vi) % of 15+ aged working person travel to work by car only  
(vii) % of 15+ non students attained university qualification  
(viii) % of 15+ non students attained professional and technical qualification  




(i) % of households living in 1 or 2 room HDB units  
(ii) % of 15+ aged working person having monthly income less than $1000  
(iii) % of population classified as ‘workers’  
(iv) % of 15+ aged working person travel to work by public bus and MRT 
only  
(v) % of population widowed  
(vi) % of 15+ aged population who are economically inactive 
(vii) % of 15+ non students attained no education  

















i. % of population aged 20 and attending schools 
ii. % of households with size 5 and more 
iii. % of 15-39 population 
iv. % of 7+ years and employed 
v. % of pucca (concrete structured) house 
vi. % of population owning house 
 
Disadvantaged variables  
  
i. % of 15+ aged and not attending school 
ii. % of 7+ years and employed as agriculture 
iii. % of 7+ years and unemployed 
iv. % of population who are separated or divorce 
v. % of population who do not have literacy at all 
vi. % of population living on a floating basis 
vii. % of people suffering from disability 
viii. % of fragile housing 
ix. % of households with non-sanitary toilet 




Locating a map for the park Retained and reoraganized
Moved under 'Accessibility' 
domain
Easy to find onsite? Retained and reoraganized
Moved under 'Accessibility' 
domain
Date Retained
Length of audit Retained
Accessed for use Retained
Points of entry Retained
Public transit stop within sight Retained
Types of parking Retained
Sidewalks Retained
External trail or path Retained
Bike routes Retained
Traffic signals Retained
Main land use(s) around the park Retained
Safety or appearance concerns  in the 









Trail Retained and reoraganized
Moved under 'Landscape 
quality'
Fitness Equipment/Stations Retained and reoraganized Moved under 'Amenities'
Skate Park Retained
Off‐Leash Dog Park Retained
Open/Green Space Removed
Lake Retained and reoraganized
Moved under 'Landscape 
quality'
Other Removed
Public restroom(s) or portable toilet Retained and reoraganized Moved under 'Amenities'
Drinking fountain(s) Retained and reoraganized Moved under 'Amenities'
Benches Retained and reoraganized Moved under 'Amenities'
Picnic tables Retained, reoraganized and modified
Moved under 'Amenities'; 
Named as 'Picnic facilities'; 
'BBQ pit' option added
Trash cans Retained and reoraganized Moved under 'Amenities'
Food/vending machines Retained, renamed and organized
Moved under 'Amenities'; 
named as 'food source'
Percentage of sun shade Retained and reoraganized
Moved under 'Landscape 
quality'
Rules about Animal Removed Removed
Dog waste pick up bags Retained and reoraganized Moved with the 'dog-walk' area under 'Activity areas'
Lights Retained and reoraganized Moved under 'Safety' domain
Park monitoring Retained and reoraganized Moved under 'Safety' domain
Emergency device Retained and reoraganized Moved under 'Safety' domain
Visibility of surrounding neighbourhood Retained and reoraganized Moved under 'Safety' domain
Through roads Retained and reoraganized Moved under 'Safety' domain
Quality and safety concern Retained, renamed and organized
Renamed as incompatibility 
and moved under 'Landscape 
quality'
Aesthetic items Retained and reoraganized Moved under 'Landscape quality'
Activity areas
Quality and Safety
Appendix II: Differences between Community Park Auditing Tool (CPAT) and GGAT
Domain category renamed 
'Accessibility'
Park inormation
Access and surrounding 
neighbourhood
Name of the green space
Adress
Date
Start time Finish time
Neighbor Large parkPublic greNatural gGreen corOthers












Name Use hours Contact inRental infRules Map Event info 0
1 1 1 1 1 1 1




None Parking lotStreet parBike racks 0
0 1 1 1
0
Yes No None Few About halfAlmost allYes No






























Yes No Yes No
1 0 1 0
bike_route None Marked lan Bike sign Share road 0
0 1 1 1
traffic_signal Yes No 0
1 0
Land_uses Residenti CommerciaInstitutio Industria Natural None 0
2 1 1 1 1 0
Safety 22 ‐10
poor_lighgraffiti? vandalismlitter heavy_traUnfavorab poor_pro lack_eyes threat Other None ‐10
-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 10




None Partial Fully 0
0 1 2
0
Yes No Yes No
0 1 1 0
0
Yes No <25% 25-50% 50-75% >75% None Few About halfAlmost all
1 0 0.75 1.5 2.25 3 0 1 2 3
Activity spaces 43 0
0
Yes No Yes No Good Not good Yes No Yes No Yes No






























Presence Usability Condition Distinct by age Colorful equipment Enough shade
7
2
Yes No Yes No Yes No
1 0 1 0 1 0
0
Yes No Yes No Good Not good
1 0 1 0 1 0
0
Yes No Yes No Good Not good 1 to 2 3+ Yes No 1 to 2 3+
1 0 1 0 1 0 1 2 1 0 1 2
0
Yes No Yes No Good Not good
1 0 1 0 1 0
0
Yes No Yes No Good Not good
1 0 1 0 1 0
0
Yes No Yes No Good Not good
1 0 1 0 1 0
0
Yes No Yes No Good Not good
1 0 1 0 1 0
0
Yes No Yes No Good Not good
1 0 1 0 1 0
0
Yes No Yes No Good Not good
1 0 1 0 1 0
0
Yes No Yes No Good Not good Yes No Yes No
















































Yes No Yes No Good Not good
1 0 1 0 1 0
0
Yes No None Few About halfAlmost all None Few About halfAlmost allYes No





Yes No 1 to 2 3 to 4 4+ None Few About halfAlmost all None Few About halfAlmost all
1 0 1 2 3 0 1 2 3 0 1 2 3
None Few About halfAlmost all
0 1 2 3
0
Yes No None Few About halfAlmost all None Few About halfAlmost all
1 0 0 1 2 3 0 1 2 3
0
Yes No None Few About halfAlmost all None Few About halfAlmost allYes No
1 0 0 1 2 3 0 1 2 3 1 0
Yes No
1 0
Yes No None Few About halfAlmost all None Few About halfAlmost allYes No

























Presence Overflow Nearness Recycling container
Near activity areas
Presence Useability Good condition





Yes No Yes No Yes No
1 0 1 0 1 0
Landscape 31 ‐7.75
0
Yes No Yes No Yes No Yes No
1 0 1 0 1 0 1 0
<25% 25-50% 50-75% >75% 0.75
0.75 1.5 2.25 3
0
Yes No Yes No Yes No Yes No Yes No Yes No
1 0 1 0 1 0 1 0 1 0 1 0
Paved Crushed stoDirt/Mulch Brick 0.5
0.5 0.5
LandscapArtistic Historica Wooded Trees Water Meadow Other None 0
1 1 1 1 1 1 1 1 0
Grafitti Vandalism Litter Animal w Noise Poor maint Threat ngerous sp Other None ‐9
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Authors and year Quality score (FKS)
Quality score 
(SA) Quality ranking
Dzhambov, A. H., et al (2018) 66.67 66.7 Moderate
Dzhambov and Dimitrova (2014) 62.50 62.5 Moderate
Dong, H. Q., Bo (2017) 50.00 50 Low
Liu, H. X. L., et al (2017) 58.33 58 Low
Qin, J. Z., X. et al (2013) 33.33 8.3 Low
Wang, X. X. R. (2016) 50.00 45.5 Low
Scopelliti, M. C., G. et al (2016) 50.00 58.3 Low
Mukherjee, D. et al (2017) 66.67 58.3 Low
Mansor, M. (2015) 33.33 36.4 Low
Vujcic, M. T.-D. (2018) 25.00 27.3 Low
Akpinar, A. (2016) 58.33 58.3 Low
Akpinar, A. (2017) 50.00 50 Low
Vujcic, M. et al (2016) 37.50 25 Low
Mowafi, M et al (2012) 66.67 50.0 Moderate
Massa, K. H.; Pabayo, R.; et al (2016) 66.67 50.0 Moderate
Chen, H.; Liu, Y. et al (2017) 58.33 58.3 Low
Parra, D.C.; Gomez, L.F.; et al (2010) 50.00 58.3 Low
Ying, Z.; Ning, L.D.; et al (2015) 66.67 75.0 Moderate
Appendix IV: Quality scores and inter-rater agreement of the studies for the systematic scoping 
review
Appendix V: Residual models of chapter 6 
 
A. Poisson regression model with robust standard error to examine potential association 
between the quality domain scores of the UGS and level of sedentary activities by the ageing 
population 

















0.063) 0.118 4.83 -0.119 (-0.33, 0.092) 0.268 
71.16* City (ref: Sydney) 
Singapore 1.51 (0.58, 2.45) P<0.00 
70.06* 
1.69 (0.692, 2.68) P<0.05 
Dhaka 3.01 (2.12, 3.89) P<0.00 2.98 (2.10, 3.88) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk(*) are significant at 1% confidence interval 
 
















0.0003) 0.05 14.14 
-0.055 (-0.129, 
0.018) 0.137 
71.12* City (ref: Sydney) 
Singapore 1.51 (0.58, 2.45) P<0.00 
70.06* 
1.32 (0.376, 2.26) P<0.05 
Dhaka 3.01 (2.12, 3.89) P<0.00 2.86 (1.97, 3.75) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk(*) are significant at 1% confidence interval 
 















0.019) 0.285 3.01 
0.018 (-0.008, 
0.044) 0.165 
71.71* City (ref: Sydney) 
Singapore 1.51 (0.58, 2.45) P<0.00 
70.06* 
1.37 (0.413, 2.33) P<0.05 
Dhaka 3.01 (2.12, 3.89) P<0.00 3.14 (2.26, 4.03) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk(*) are significant at 1% confidence interval 
















0.06) 0.837 0.06 0.051 (-0.01, 0.113) 0.10 
72.60* City (ref: Sydney) 
Singapore 1.51 (0.58, 2.45) P<0.00 
70.06* 
1.12 (-0.004, 2.25) 0.051 
Dhaka 3.01 (2.12, 3.89) P<0.00 3.05 (2.29, 3.80) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk(*) are significant at 1% confidence interval 
 
B. Poisson regression model with robust standard error to examine potential association 
between the quality domain scores of the UGS and level of walking activities by the ageing 
population 

















0.183) 0.331 2.85 -0.22 (-0.483, 0.041) 0.099 
59.23* City (ref: Sydney) 
Singapore 1.90 (1.17, 2.62) P<0.01 
55.63* 
2.22 (1.29, 3.15) P<0.01 
Dhaka 2.64 (1.79, 3.50) P<0.01 2.59 (1.69, 3.49) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 






















0.194) 0.119 13.47 -0.03 (-0.152, 0.087) 0.595 
56.02* City (ref: Sydney) 
Singapore 1.90 (1.17, 2.62) P<0.01 
55.63* 
1.78 (1.08, 2.47) P<0.01 
Dhaka 2.64 (1.79, 3.50) P<0.01 2.55 (1.79, 3.31) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk(*) are significant at 1% confidence interval 
 
















0.029) 0.378 3.59 
-0.005 (-0.035, 
0.024) 0.736 
55.76 City (ref: Sydney) 
Singapore 1.90 (1.17, 2.62) P<0.01 
55.63 
1.93 (1.33, 2.74) P<0.01 
Dhaka 2.64 (1.79, 3.50) P<0.01 2.60 (1.83, 3.38) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk (*) are significant at 1% confidence interval 
 

















0.086) 0.171 2.86 
0.052 (-0.017, 
0.121) 0.136 
58.92* City (ref: Sydney) 
Singapore 1.90 (1.17, 2.62) P<0.01 
55.63* 
1.50 (0.63, 2.37) P<0.05 
Dhaka 2.64 (1.79, 3.50) P<0.01 2.68 (1.91, 3.45) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk(*) are significant at 1% confidence interval 
 
C. Poisson regression model with robust standard error to examine potential association 
between the quality domain scores of the UGS and level of vigorous activities by the ageing 
population 

















0.67) P<0.05 16.59 
0.038 (-0.104, 
0.179) 0.602 
65.26* City (ref: Sydney) 
Singapore 3.03 (2.16, 3.89) P<0.01 
65.17* 
2.97 (2.04, 3.90) P<0.01 
Dhaka 2.02 (1.02, 3.01) P<0.01 2.02 (1.01, 3.01) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk(*) are significant at 1% confidence interval 
 




activities of the 
ageing population 












0.031) 0.103 10.66 
0.072 (-0.037, 
0.181) 0.193 
66.57 City (ref: Sydney) 
Singapore 3.03 (2.16, 3.89) P<0.01 
65.17 
3.32 (2.43, 4.22) P<0.01 
Dhaka 2.02 (1.02, 3.01) P<0.01 2.23 (1.34, 3.11) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk (*) are significant at 1% confidence interval 
 




of the ageing 
population 









Amenities score 0.024 (-0.12, 0.061) 0.194 3.99 -0.009 (-0.04, 0.021) 0.665 
65.47 City (ref: Sydney) 
Singapore 3.03 (2.16, 3.89) P<0.01 
65.17 
3.10 (2.14, 4.05) P<0.01 
Dhaka 2.02 (1.02, 3.01) P<0.01 1.96 (0.917, 2.99) P<0.01 
β: Regression co-efficient; CI: Confidence interval; Bold marks are significant at 5% confidence interval, 
asterisk (*) are significant at 1% confidence interval 
 
 


